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or 1 to 74, read 11.1 to 88.9, or 1 to § 
p. 51,1. 5 and 7, for 74, read 8. : , 
p. 84,1, 9. This, so far as it respiects Petit and Dulong, is incor- 

rect, for they assume that radiation is the same in air and other 

_ gases as in vacuo, the different velocities of cooling being due to 
the conducting powers of elastic media. 
“a .  p. 102, 1. 13 from bottom, for precisely read nearly. 

, p- 111, 1. 21, for (202°) read (1022). 
p. 126, 1. 3, after end, insert containing mercury. on 
p- 141 in the Table. The specific gravity of nitric oxide, though 

copied exactly from Berzelius and Dulong, is incorrect. 
p. 128, 1. 14, for condensing into one volume, read into two volumes. 
p- 160, 1. 19, for from 32° to 212°, read from — 40° to + 212° 
p. 229, 1. 9 from bottom, after oxygen, insert chlorine. 


- assim, except when it is applied to potash of commerce, for potash 
° _. read potassa. ‘ pe ee ee o 
rete. ae 


VOL. I. page 43,1. 9 from bottom, for 114 of , ta 885 of the latter, 
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VOL. II, p.. 166, 1. 11, for protoxide read peroxide. 


PREFACE 


NINTH EDITION. 


Cuemistry is, of all the sciences, that which is most emi- 
nently progressive, scarcely a year elapsing during which it 
is not enriched by a great variety of new facts,—by the resolu- 
tion of compounds into more simple elements,—by combina- 
tions before unknown,—and sometimes by general laws of ex- 
tensive application and influence. Every new edition of a 
chemical book must necessarily, therefore, if it keep pace with 
the progress of discovery, differ essentially from the one which 
preceded it; for while it embraces every thing that is new 
and important, it must reject whatever recent experience hes 
proved to be erroneous. It is by freely effecting the latter 
purpose, that I have been enabled to accommodate this work to 
the state of the science, without materially enlarging the size 
of the volumes. They will be found, however, by those who 
may be at the pains of comparing this edition with the last, to 
comprise a large proportion of new matter. I have been 
induced also, by mature consideration of those analogies 
which have of late years been unfolded among chemical sub- 
stances, to adopt an entirely different arrangement, the prin- 
ciple of which is fully explained in the concluding pages of 
the Inrropuction. It is founded, as to its leading outline, 
on those relations of bodies to Electricity, which have been 


« 
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developed by the genius of Sir Humphry Davy, and, though 
the classification is far from being unobjectionable, it seems 
to me the best that can be followed in the present state of 


»- 


the science. 

To this edition, a tenth copper plate is annexed; and a 
number of wood cuts, from accurate drawings by Mr. Joseph 
Farey, are, for the first time, interspersed through the work, 
wherever it appeared to me that the subject required such il- 
lustration. Among the T ables, in the Appendix to the Second 
Volume, is inserted one of Chemical Equivalents, the num- 
bers of which, whenever they differ from those in the body 
of the work, are to be regarded as most worthy of confidence. 
In the AppENDA, too, will be found notices of recent disco- 
veries, to the latest period which the publication would permit. 
-. Although no pains have been spared to render these volumes 
a faithful abstract of the present state ef Chemistry, yet it 
is more than probable that errors and omissions will still be 
detected in them. In rectifying these, I hope to be assisted 
by acontinuance of those candid criticisms, both through 
public and private channels of communication, by which I 
have already greatly benefited. 


Manchester, April, 1823. 
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- INTRODUCTION. 


NATURAL PHInosopny, in its most extensive sense, is a 
term comprehending eyery science, that has for its objects 
the properties and affections of matter. But it has attained, 
by the sanction of common language, a «more limited signifi- 
cation; and chemistry, though strictly a branch of natural 
philosophy, is generally regarded as a distinct science. Be- 
tween the two it may, perhaps, be difficult to mark out pre- 

_ cisely the line of separation: but, an obvious character of the 
facts of natural philosophy is, that they are always attended 
with sensible motion; and the determination of the laws of 
motion is peculiarly the office of its cultivators. Chemical 
changes, on the other hand, of the most important kind, often 
take place without any apparent motion, either of the mass, or 
of its minute parts; and where the eye is unable to perceive 
that any change has occurred. ‘The laws of gravitation, of 
central forces, and all the other powers that fall under the 
cognizance of the natural hilosopher, produce, at most, only 
a change of place in the bodies that obey their influence. 
But, in chemical changes, we may always observe an impor- 

= tant difference in the properties of things: their appearances 
and qualities are completely altered, and their individuality de- 

_-*  stroyed. ‘Thus, two highly corrosive and deleterious sub- 
aE 2 stances, by uniting chemically together, may become mild and 
harmless ; the combination of two colourless substances may 
present us with a compound of brilliant complexion; and the 


~ union of two fluids, with a compact and solid mass. 
-* 
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Chemistry, therefore, may be defined, that science, the ob- 
ject of which is to” discover and explain the changes of com- 
position that oceur among the integrant and constituent parts 
of different bodies.* | 

From this definition, it may readily be conceived, how 
wide is the range of chemical inquiry; and, by applying it to 
the various events that daily occur in the order of nature, we 
shall be enabled to separate them with accuracy, and to allot, 
to the sciences of natural philosophy and chemistry, the proper 
objects of the cultivation of each. Whenever a change of 
place is a necessary part of any event, we shall call in the aid 
of the former. When this condition may be dispensed with, 
we shall resort to chemistry for the light of its principles. 
But it will be often found, that the concurrence of the two 
sciences is essential to the full explanation of phenomena. 
The water of the.ocean, for example, is raised into the atmo- 
sphere by its chemical combination with the matter of heat; 
but the clouds, that are thus formed, maintain their elevated 
situation by virtue of a specific gravity inferior to that of the 
lower regions of the air,—a law, the discovery and application 
of which are due to the natural philosopher, strictly so called. 

It has not been unusual to consider chemistry, under the 
twofold view of a science and of an art. This arrangment, — 
however, appears to have had its origin in an imperfect dis- 
crimination between two objects, that are essentially distinct. | 
Science consists of assemblages of facts, associated together in 
classes, according to circumstances of resemblance or analogy. 
The business of its cultivators is, first, to investigate and 

Sibgpou niet se wootiuol ys set 5 ci RI ee els RT ee 


* The reader, who wishes to examine other definitions of chemistry, will 
find a variety of them, collected by Dr. Black, in the first volume of his | 
< wo 8 published, since his death, st Professor Robison, 
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establish individual truths, either by the careful observation 
of natural appearances, or of new and artificial combinations 
of phenomena produced by the instruments of experiment. 
The next step is the induction, from well ascertained facts, 
of general principles or laws, more or less comprehensive in 
their extent, and serving, like the classes and orders of 
natural history, the purposes of an artificial arrangement. Of 
such a body of facts and doctrines, the sclIENCE OF CHEMISTRY 
is composed. But the employment of the artist consists 
merely in producing a given effect, for the most part by the 


sole guidance of practice or experience. In the repetition of 


'» processes, he has only to follow an established rule; and, in 


the improvement of his art, he is benefited generally by for- 
tuitous combinations, to which he has not been directed by 
any general axiom. An artist, indeed, of enlarged and en- 
lightened mind, may avail himself of general principles, and 
may employ them in perfecting established operations: but 
the art and the science are still marked by a distinct boun- 
dary. In such hands, they are auxiliaries to each other; the 
one contributing a valuable accession of facts ; and the other, in 
returh, imparting fixed and comprehensive principles, which 
simplify the processes of art, and direct to new and important 
practices. 

The possession of the general principles of chemistry en- 
ables us to understand the mutual relation of a great variety 
of events, that form a part of the established course of nature. 
It unfolds the most sublime views of the beauty and harmony 
of the universe; and developes a plan of vast extent, and of 
uninterrupted order, which could have been conceived only 
by perfect wisdom, and executed by unbounded power. By 
withdrawing the mind, also, from pursuits and amusements 


iad 
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that excite the imagination, its investigations may tend, in 
common * the rest of the physical sciences, to the improve- 
ment of our intellectual and moral habits; to strengthen the 
faculty of patient and accurate thinking; and to substitute 
placid trains of feeling, for those which are too apt to be 
awakened by the contending interests of men in society, or 
the imperfect government of our own passions. 

The class of natural events that call for the explanation 
of chemical science, is of very considerable extent; and the 
natural philosopher (using this term in its common accepta- 
tion) is wholly incompetent to unfold their connexion. He 
may explain, for example, on the principles of his own science, 
the annual and diurnal revolutions of the Earth, and part of 
the train of consequences depending on these rotations. But 
here he must stop: and the chemist must trace the effects, on 
the Earth’s surface, of the caloric and light derived from the 
sun; the absorption of caloric by the various bodies on which 
it falls; the consequent fluidity of some, and volatilization of 
others; the production of clouds, and their condensation in 
the form of rain; and the effects of this rain, as well as of the 
sun’s heat, on the animal, vegetable, and mineral king- 
doms. In these minuter changes, we shall find, there is not 
less excellence of contrivance, than in the stupendous move- 
ments of the planetary system. And they interest us even 
more nearly; because, though not more connected with our 
existence or comfort, yet they are more within our sphere of 
observation; and an acquaintance with their laws admits of 
a more direct application to human affairs. 

There is another branch of knowledge (that of natural his- — 
tory), which is materially advanced by the application of che- 
mical science. The classifications of the naturalist are derived 
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.. from an examination and comparison of the external forms, 
both of animate and inanimate bodies. He distributes the 
whole range of nature into three great and comprehensive 
kingdoms,—the animal, the vegetable, and the mineral. Each 
of these, again, is subdivided into several less extensive classes; 
and individual objects are referred to their place in the system, 
by the agreement of their characters, with those assigned to 
the class, order, and genus. In the different departments of 
natural history, these resemblances vary in distinctness, in 
facility of observation, and-in certainty of description. Thus, 
the number and disposition of the parts of fructification in 
vegetables afford marks of discrimination, which are well 
defined, and easily ascertained. But minerals, that are not 
possessed of a regularly crystallized form, are distinguished 
by outward qualities that scarcely admit of being accurately 
conveyed by language; such as minute shades of colour; or 
trifling differences of hardness, transparency, &c. To the 
evidence of these loose and varying characters, that of the 
chemical composition of minerals has within the few past years 
been added; and mineralogy has been advanced, from a con- 
fused assemblage of its objects, to the dignity of a well me- 
thodized and scientific system. In the example of crystallized 
bodies, the correspondence between external form and chemi- 
cal composition, has been most successfully traced by the 
genius of Hatiy; whose method of investigation has enabled 
him, in numerous instances, to anticipate, from physical cha- 
racters, the results of the most skilful and laborious analysis, 

It is unnecessary to pursue this part of the subject to a 
greater extent; because, to all who have been in the habit of 
philosophical investigation, the connexion between the sciences 


must be sufficiently apparent; and because there is another 
&« 
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ground, on which chemistry is more likely to claim, with suc- 
cess, the respect and attention of the great mass of mankind. 
This is, its capacity of ministering to our wants and our 
luxuries, and of instructing us to convert to the ordinary 
purposes of life, many substances which nature presents to us 
in a rude and useless form. The extraction of metals from. 
their ores; the conversion of the rudest materials into the 
beautiful fabrics of glass and porcelain; the production of 
wine, ardent spirits, and vinegar; and the dyeing of linen, 
cotton, and woollen manufactures,—are only a few of the arts 
that are dependent on chemistry for their improvement, and 
even for their successful practice. . 

It cannot, however, be denied, that all the arts, which have 
been mentioned, were practised in times when the rank of che- 
mistry, as a science, was extremely degraded; and that they 
are the daily employment of unlettered and ignorant men. 
But to what does this confession amount; and how far does 
it prove the independence of the above arts on the science of 
chemistry ? 

The skill of an artist is compounded of knowledge and of 
manual dexterity. The latter, it is obvious, no science can 
teach. But the acquirement of experience, in other words, a 
talent for the accurate observation of facts, and the habit of 
arranging facts in the best manner, may be greatly facilitated 
by the possession of scientific principles. Indeed, it is hardly 
possible for any one to frame rules for the practice of a che- 
mical art, or to profit by the rules of others, who is unac-. 
quainted with the general doctrines of the science. For, in 
all rules, it is implied, that the promised effect will only take 
place, when circumstances are precisely the same as in the 


case under which the rule was formed. To ensure an uner- 
ao & 
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ring uniformity of result, the substances, employed in che- 
mical processes, must be of uniform composition and excel- 
lence; or, when it is not possible to obtain them thus un- 
varied, the artist should be able to judge precisely of the 
defect, that he may proportion his agents according to their 
qualities. | Were chemical knowledge more generally pos- 
sessed, we should hear less of failures and disappointments in 
chemical operations; and the artist would commence his pro- 
ceedings, not, as at present, with distrust and uncertainty, 
but with a confident and well grounded expectation of 
success. | 

It will scarcely be contended, that any one of the arts has 
hitherto attained the extent of its possible perfection. In all, 
there is yet a wide scope for improvement, and an extensive 
range for ingenuity and invention. But from what class of 
men are we to expect useful discoveries? Are we to trust, as 
hitherto, to the favour of chance and accident: to the for- 
tuitous success of those who are not guided in their experi- 
ments by any general principles? Or shall we not rather 
endeavour to inform the artist, and induce him to substitute, 
for vague and random conjecture, the torch of induction and 
of ratiynal analogy? In the present imperfect state of his 
knowledge, the artist is even unable fully to avail himself of 
those fortunate accidents, by which improvements sometimes 
occur in his processes; because, to the eye of common obser- 
vation, he may have acted agreeably to established rules, and 
have varied in circumstances which he can neither perceive nor 
appreciate. ‘The man of science, in these instances, sees more 
deeply, and, by availing himself of a minute and accidental 
difference, contributes at once to the promotion of his own 
interest, and to the advancement of his art. 
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But it is the union of theory with practice that is now re- 
commended. And “ when theoretical knowledge and prac- 
tical skill are happily combined inthe same person, the intel- 
lectual power of man appears in its full perfection, and equally 
fits him to conduct, with a masterly hand, the details of ordi- 
nary business, and to contend successfully with the untried 
difficulties of new and perplexing situations. In conducting 
the former, mere experience may frequently be a sufficient 
guide; but experience and speculation must be combined to 
prepare us for the latter.” * ‘‘ Expert men,” says Lord 
Bacon, “can execute and judge of particulars one by one; 
but the general counsels, and the plots, and the marshalling 
of affairs, come best from those that are learned.” 

This recommendation to artists, of the acquirement of sci- 
entific knowledge, is happily sanctioned by the illustrious 
success, in our own days, of the application of theory to the 
practice of certain arts. Few persons are ignorant of the be- 
nefits, that have resulted to the manufactures of this country, 
from the inventions of Mr. Watt and Mr. Wedgwood ; both 
of whom have been not less benefactors of philosophy than 
eminent for practical skill. The former, by a clear insight 
into the doctrine of latent heat, resulting, in a great measure, 
from his own acuteness and patience of investigation, and 
seconded by an unusual share of mechanical skill, has perhaps 
brought the steam-engine to its acme of perfection. Mr. 
Wedgwood, aided by the possession of extensive chemical 
knowledge, made rapid advances in the improvement of the 
art of manufacturing porcelain; and, besides raising himself 


to great opulence and distinction, has created for his country 


*Stewart’s Elements of the Philosophy of the Human Mind, chap. iv: 
sect. 7. | 
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a source of most. profitable and extensive industry. In an 
art, also, which is nearly connected with the manufactures 6f 
our own town,* and the improvement of which must, there- 
fore, “‘ come home to our business and bosoms,” we owe un- 
speakable obligations to two speculative chemists,—to Scheele, 
who first discovered chlorine; and to Berthollet, who first in- 
structed us in its application to the art of bleaching. ° 
Examples, however, may be urged against indulgence in 
theory ; and instances are not wanting, in which the love of 
speculative refinement has withdrawn men entirely from the 
straight path of useful industry, and led them on gradually 
to the ruin of their fortunes. But from such instances, it 
would be unfair to deduce a general condemnation of theo- 
retical knowledge. It would be the common error of arguing 
against things that are useful, from theli occasional abuisée.— 
In trath, projects which have, for their foundation, a depend- 
ence on chemical principles, may be undertaken with a more 
rational confidence, than such as have in view the accoinplish- 
ment of mechanical purposes; because; in chemistry, we ate 
better able, than in mecliaiics, t6 predict, from an experi- 
ment on a small scale, the probable issue of more extensive 
attempts. No one, from the successful trial of a small ma- 
chine, can affirm, with unerring certainty, that the same sue- 
cess will attend one on a greatly enlarged plan; because the 
amount of the resistances, that are opposed to miotion, in- 
creases often in a ratio greater than, from theory, could ever 
have been foreseen. But the same law, by which the minéral 
alkali is extracted from a pound of common salt; must equally 
operate on a thousand times the quantity; and, even whén we 


* Manchester; where the substance of this discourse was originally 
delivered as an introductory lecture. 


b2 


xx INTRODUCTION. 


augment our quantities in this immense degree, the chemical 
affinities, by which so large a mass is decoinposed, are exerted 
only between very small particles. The failures of the me- 
chanic, therefore, arise from the nature of things; they occur, 
because he has not in his power the means of foreseeing and 
calculating the causes that produce them. But, if the chemist 
fail in perfecting an economical scheme on a large scale, it is 
either because he has not sufficiently ascertained his facts on 
a small one, or has rashly embarked in extensive speculations, 
without having previously ensured the accuracy of his esti- 
mates. 

The benefits which we are entitled to expect from the efforts 
of the artist and the man of science, united in one person, 
and at the same time tempered and directed by prudential 
wisdom, affect not only individual but national prosperity. To 
the support of its distinction, as a commercial nation, this 
country is to look for the permanency of its riches, its power, 
and, perhaps, even of its liberties; and this pre-eminence is 
to be maintained, not only by local advantages, but on the 
more certain ground of superiority in the productions of its 
arts. Impressed with a full conviction of this influence of 
the sciences, a neighbouring and rival people have offered the 
most public and respectful incitements to the application of 
theory in the improvement of the chemical arts; and, with 
the view of promoting this object, national institutions have 
been formed among them, which have been already, in several 
instances, attended with the most encouraging success. It may 
be sufficient, at present, to mention, as an example, that 
France, during a long war, supplied, from her own native 
resources, her enormous, and, perhaps, unequalled consump- 
tion of nitre, 
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The general uses of chemistry have been thus fully en- 
larged upon, because it is a conviction of the utility of the 
science, that can alone recommend it to attentive and per- 
severing study. It may now be proper to point out, in detail, 
a few of its more striking applications. | 

I. The art which is, of all others, the most interesting, from 
its subserviency to wants that are interwoven with our nature, 
is AGRICULTURE, or the art of obtaining, from the earth, the 
largest crops of useful vegetables at the smallest expense. 

The vegetable kingdom agrees with the animal one, in the 
possession of a living principle. Every individual of this 
kingdom is regularly organised, and requires for its support an 
unceasing supply of food, which is converted, as in the animal 
body, into substances of various forms and qualities. Each 
plant has its periods of growth, health, disease, decay, and 
death ; and is affected, in. most of these particulars, by the 
varying condition of external circumstances. <A perfect state 
of agricultural knowledge would require, therefore, not only 
a minute acquaintance with the structure and economy of 
vegetables, but with the nature and effects of the great variety 
of external agents, that contribute to their nutriment, or in- 
fluence their state of health and vigour. It can hardly be 
expected, that the former attainment will ever be generally 
made by practical farmers; and it is in bringing the agricul- 
turist acquainted with the precise composition of soils and 
manures, that chemistry promises the most solid advantages. — 
Indeed, any knowledge that can be acquired on this subject, 
without the aid of chemistry, must be vague and indistinct, 
and can neither enable its possessor to produce an intended 
effect with certainty, nor be communicated to others in lan- 
guage sufficiently intelligible. Thus we are told, by Mr. 
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Arthur Young, that, in some parts of England, any loose 
elay is called marl, in others marl is called chalk, and m 
others clay is called loam. From so confused an application 
of terms, all general benefits of experience in agriculture must 
be greatly limited. 

. Chemistry may, to agriculturists, become a universal Jan- 
guage, in which the facts, that are observed in this art, may 
be so clothed, as to be intelligible to all ages and nations. It 
would be desirable, for example, when a writer speaks of clay, 
loam, or marl, that he should explain his conception of these 
terms, by stating the chemical composition of each substance 
expressed by them. For, all the variety of soils and manures, © 
and all the diversified productions of the vegetable kingdom, 
are: capable of being resolved, by chemical analysis, into a 
small number of elementary ingredients. The formation of a 
well defined language, expressing the proportion of these 
elements in the various soils and manures, now so vaguely 
characterized, would give an accuracy and precision, hitherto 
unknown, to the experience of the tillers of the earth. 

It has been said, by those who contend for pure empiricism 
in the art of agriculture, that it has remained stationary, 
notwithstanding all improvements in the sciences, for more 
than two thousand years. ‘To refute this assertion,” says 
Mr. Kirwan, “ we need only compare the writings. of Cato, 
-Columella, or Pliny, with many modern tracts, or still better, 
with the modern practice of our best farmers.”—“ If the 
exact connexion of effects with their causes,” he adds, ‘has 
not been so fully and extensively traced in this as in other 
subjects, we must attribute it to the peculiar difficulty of the 
investigation. In other subjects, exposed to the joint opera~ 
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tion of many causes, the effect of each, singly and exclusively 
taken, may be particularly examined, and the experimenter 
may work in his laboratory, with the object always in his 
view. But the secret processes of vegetation take place in the 
dark, exposed to the various and indeterminable influences of 
the atmosphere, and require, at least, half a year for their 
completion. Hence the difficulty of determining on what 
peculiar circumstance success or failure depends; for, the 
diversified experience of many years can alone afford a ra- 


tional foundation for solid, specific conclusions.” * 


II. To those who study mEpDtcINE as a branch of general 
science, or with the more important view of practical utility, 
chemistry may be recommended with peculiar force and pro- 
priety.—The animal body may be regarded as a living ma- 
chine, obeying the same laws of motion as are daily exempli- 
fied: in the productions of human art. ‘The arteries are long, 
flexible, and elastic canals, admitting, in some measure, the 
application of the doctrine of hydraulics; and the muscles are 
so many levers, of precisely the same effect with those which 
are employed to: gain power in mechanical contrivances. 
But there is another view, in which, with equal justice, the 
living body may be contemplated. It is a laboratory, in 
which are constantly going forward processes of various kinds, 
dependant on the operation of chemical affinities. The con+ 
version of the various kinds of food into blood, a fluid-of com- 
paratively uniform composition and qualities ; the production 
of animal heat by the action of the air on that fluid, as it 
passes through: the lungs ; and the changes, which the blood 


* See Kirwan on Manures. 
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afterwards undergoes in its course through the body,—are all, 
exclusively, subjects of chemical inquiry. To these, and 
many other questions of physiology, chemistry has of late 
years been applied with the most encouraging success; and 
it is to a long continued prosecution of the same plan, that 
we are to look for a system of physiological science, which’ 
shall derive new vigour and lustre from the passing series of 
years. 

It must be acknowledged, however, as has been observed 
by Sir H. Davy,* that ‘ the connexion of chemistry with 
physiology has given rise to some visionary and seductive 
theories; yet even this circumstance has been useful to. the 
public mind, in exciting it by doubt, and in leading it to 
new investigations. A reproach, to a certain degree just, has 
been thrown upon those doctrines known by the name of 
chemical physiology; for, in the applications of them, spe- 
culative philosophers have been guided rather by the ana- 
logies of words than of facts. Instead of endeavouring slowly 
to lift up the veil, which conceals the wonderful phenomena of 
living nature; full of ardent imaginations, they have vainly 
and presumptuously attempted to tear it asunder.” 

III. There is an extensive class of arts, forming, when 
viewed collectively, a great part of the objects of human 
industry, which do not, on a loose and hasty observation, 
present any general principle of dependency or connexion. 
But they appear thus disunited, because we have been accus- 
tomed to attend only to the productions of these arts, which 


are, in truth, subservient to widely different purposes. Who 


* In his eloquent “ Discourse, Introductory to a Course of Lectures,” 
&c. London. Johnson. 1802. 
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would conceive, for instance, that iron and common salt; the 
one a metal, the use of which results from its hardness, duc- 
tility, and malleability ; the other a substance, chiefly valuable 
from its acting as a preservative and ‘seasoner of food,—are 
furnished by arts alike dependent on the general principles of 
chemistry? The application of science, in discovering the 
principles of these arts, constitutes what has -been termed 
ECONOMICAL CHEMISTRY; amongst the numerous objects of 
which, the following stand most distinguished : 

“Ast. Metallurgy, or the art of extracting metals from their 
ores, comprehending that of Assaying, by which we are 
enabled to judge, from the composition of a small portion, of 
the propriety of working large and extensive strata. To the 
metallurgist, also, belong the various modifications of the 
metals when obtained, and the union of them together, in 
different proportions, so as to afford compounds adapted to 
particular uses—Throvghout the whole of this art, much 
practical improvement may be suggested by attention to the 
general doctrines.of chemistry. ‘The artist may receive use- 
ful hints respecting the construction of furnaces for the fusion 
of ores and metals; the employment of the proper fluxes; the 
utility of the admission or exclusion of air ; and the con- 
version of the refuse of his several operations to useful pur- 
poses. When the metals have been separated from their 
ores, they are to be again subjected to various chemical pro- 
cesses. Cast or pig iron is to be changed into the forms of 
wrought or malleable iron and of steel. Copper, by com-_ 
bination with zinc or tin, affords the various compounds of 
brass, pinchbeck, bell-metal, gun-metal, &c. Even the art of 
printing owes something of its present unexampled perfection 


to the improvement of the metal of types. 
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ad. Chemistry is the foundation of those arts that furnish 
us with saline substances, an order of bodies highly useful in 
the business of common life. Among these, the most con- 
_ spicuous are, sugar in all its various forms; the vegetable 
and mineral alkalis, known in commerce by the names of 
potash, pearlash, and barilla; common salt; green and blue 
vitriol, and alum; nitre or saltpetre; sugar of lead ; borax; 
and a long catalogue, which it is needless to. extend farther. 
3d. The manufacturer of glass, and. of various kinds of 
pottery and porcelain, should be thoroughly acquainted with 
the nature of the substances he employs; with their fusibility, 
as affected. by difference of proportion, or by the admixture of 
foreign ingredients; with the means of regulating and mea- 
suring high degrees of heat; with the principles on which 
depend the hardness of his products, and their fitness for 
bearing sudden vicissitudes of heat and cold; and with the 
chemical properties.of the best adapted colours and glazings.— 
Even the humble art of making bricks and tiles has: received, 
from the chemical knowledge of Bergman, the addition of 
several interesting facts. 
4th. The preparation of various kinds of fermented liquors, 
of wine, and ardent spirits, is intimately connected with che- 
mical principles. Malting, the first step in the production of 
some of these liquors, consists. in the conversion of part of the 
grain into saccharine matter, essential in most instances to the 
success of the fermentative change. To acquire a precise ac- 
quaintance with the circumstances, that favour or retard the 
process of fermentation, no small share of chemical know- 
ledge is required. The brewer should be able to ascertain, 
“and: to: regulate exactly, the strength of his infusions,. which 
will vary greatly when he has seemingly followed the same 
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routine. He should be aware of the influence of minute 
changes of temperature in retarding or advancing fermenta- 
tion; of the means of promoting it by proper ferments; and | 
of the influence of the presence or exclusion of atmospherical 
air. A complete acquaintance with the chemical principles 
of his art, can hardly fail to afford him essential aid in its 
practice. beh ; 

The production of ardent spirits is only a sequel of the 
vinous fermentation, and is, therefore, alike dependent on the 
doctrines of chemistry. 

5th. The arts of bleaching, dyeing, and printing, are, 
throughout, a tissue of chemical operations. It is not unusual 
to hear the new mode of bleaching distinguished by the ap- 
pellation of the chemical method; but it is, in truth, not more 
dependent on the principles of this science, than the one which 
it has superseded, nor than the kindred arts of dyeing and 
printing. In the instance of bleaching, the obligation due to 
the speculative chemist is universally felt and acknowledged. 
But the dyer and the calico-printer have yet to receive from 
the philosopher some splendid invention, which shall command 
their respect, and excite their attention to chemical science. 
From purely speculative men, however, much less is to be ex- 
pected, than from men of enlightened experience, who en- 
deavour to. discover the design and reason of each step in the 
processes of their arts, and fit themselves for more effectual ob- 
servation of par 


icular facts, by diligently possessing them- 
selves. of general. truths. 

The objects of inquiry that present themselves to the dyer 
and calico-printer, are of considerable number and import- 
ance. The preparation of goods for the reception of colouring 
matter; the application of the best bases, or means of fixing 
fugitive colours; the improvement of colouring ingredients 
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themselves; and the means of rendering them permanent, so 
that they shall not be affected by soap, or by the accidental 
contact of acids or other corrosive bodies ; are among the 
subjects of chemical investigation. It is the business of the 
dyer, therefore, to become a chemist; and he may be assured 
that, even if no brilliant discovery should be the reward of the 
acquisition, he will yet be better fitted by it for conducting 
common operations, with certain and unvaried success. 

6th. The tanning and preparation of leather are processes 
strictly chemical, which were involved in mystery, till they 
were reduced to well established principles by the researches 
of Seguin, and by the subsequent experiments of Davy. In 
this, as in most other examples, the application of science to 
the practical improvement of an art, has to encounter the ob- 
stacles of ignorance and prejudice. But the interests of men 
are sure finally to prevail; and the most bigotted attachment to 
established forms must give place to the clearly demonstrated 
utility of new practices. Such a demonstration is generally 
furnished by some artist of more enlightened views than his 
neighbours, who has the spirit to deviate from ordinary rules; 
and thus becomes (not unfrequently with some personal sacri- 
fice) a model for the imitation of others, and an important 
benefactor of mankind. 

Many other chemical arts might be enumerated; but 
enough, I trust, has been said, to evince the connexion between 
practical skill and the possession of scientific knowledge. I 
shall now, therefore, proceed to explain the principle of the 
arrangement which I have selected for the following work. 

The order, which I have adopted as most eligible, is to 
commence with those facts, which conduct directly to the 
establishment of general principles. Attraction or affinity, as 
the great cause Of all chemical changes, and as admitting of 
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illustration by phenomena that are sufficiently familiar, has a 
primary claim to consideration. The developement of its laws 
will lead too to the explanation of a number of terms, without 
which it is scarcely possible to describe the most common che- 
mical appearances. Next to that of attraction, the influence of 
Heat, over the forms and properties of bodies, is the most gene- 
rally observed fact ; and as heat isa power, which is constantly 
opposed to that of affinity, there is the more propriety in con- 
trasting their operation. With heat, Light, as a repulsive 
agent, is frequently associated. Electricity, also, belongs to the 
same class of powers; and has, indeed, such an extensive con- 
troul over the phenomena of Chemistry, as to have supplied 
the basis of a division of bodies into two great and compre- 
hensive classes, according to their electrical habitudes. When, 
for example, a body composed of two elements is placed between 
surfaces oppositely electrified, the one element is uniformly at- 
tracted to the positive, and the other to the negative surface. 
And as like electricities repel, and unlike attract, each other, 
it is inferred that the element, which arranges itself at the posi- 
tive pole, is naturally in a state of negative electricity, and the 
reverse with respect to the other. Hence the distribution of all 
bodies into the two’great classes of ELecrro-NeEGative and 
EvEcTRO- Positive. | 
To this arrangement, it may be objected that bodies, which 
are properly ranked in the electro-positive division, when 
considered in their relations to substances of an opposite class, 
nevertheless exert a contrary energy towards bodies of the 
same class with themselves. This is distinctly the case with 
the metals, which, though all electro-positive towards oxygen, 
are, in many cases, electro-negative towards each other; and 


the same exception may be extended to a variety of other 
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cases. It must be considered, however, that classifications 
have no foundation in nature, and are entirely the work of 
human reason; that they are merely artificial contrivances for 
the purpose of assisting us in the acquirement and retention 
of knowledge; and must partake of the imperfections of all 
human inventions. It is under a full sense then of its defects, 
that I adopt the arrangement followed in this work; and I 
consider it only as a provisional one, till the progress of 
science shall have unfolded still more striking and consistent 
analogies. 

The ELecTro-NEGATIVE BODIES, at present known, are 
at most only four; namely, OxycEN, CxHtorine, Toning, 
and Fruoring. They require, therefore, no sub-division into 
orders, or genera. But the ELECTRO-POSITIVE CLAss includes 
so great a number of individuals, that it becomes quite neces- 
sary to aid the memory by selecting, from among them, re- 
semblances which may be the foundation of less comprehen- 
sive divisions. On investigating their properties and combi- 
nations, it will be found that several of them, not possessing 
the qualities of metals (which also belong to the electro-posi- 
tive class), are capable of forming acids by combination with 
oxygen, chlorine, or hydrogen. These may, therefore, be 
set apart under the general name of SIMPLE ACIDIFIABLE 
Bopres, to which, asa few of the metals are also acidifiable, 
may be added, for greater precision, the epithet Non-mErac- 
Lic. They are, HyproGen, Nirrocen, Carson, Boron, 
Purospoorus, SuLPHUR, and SELENIUM. In describing the 
properties of each individual of this genus, I shall first exa- 
mine its relations to each of the four electro-negative elements. 
This will lead to an early exposition of the nature and effects 


of Acips, a kind of compounds, which are concerned in-al- 
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most all the operations of Chemistry, and a knowledge of 
which will be found greatly to assist in developing the proper- 
ties of the Metals. Betore proceeding, however, to the Me- 
tals, I shall describe, for the sake of convenience, though it 
may be less conformable to strictly philosophical order, the 
COMPOUNDS OF SIMPLE ACIDIFIABLE BODIES WITH EACH 
orHER. ‘This will enable me to introduce, at an early period, 
the history of ammonia; of the compounds of hydrogen with 
sulphur; of cyanogen; and of a few acids with compound 
bases; and thus to render still more complete the history of 
the Metals, and of their Oxides; for most of these have im- 
portant relations, not only to the acids, but to the compounds 
of acidifiable bodies with each other. 

The Mzrats themselves constitute the remaining division 
of electro-positive bodies, and I shall trace the corinections of 
each of them and of its oxides with the four electro-negative 
bodies,—with the acids,—with simple and compound acidi- 
fiable bodies,—and finally, with other metals. It is, therefore, 
in the section devoted to each individual metal, that the reader, 
who may occasionally consult these volumes, is to look for the 
history of the salifiable bases, whether alkalis, earths, or merely 
oxides; for that of the salts formed by the union of the dif- 
ferent bases with acids; and for the action of those salts on all 
bodies, the properties of which may have been described 
in antecedent chapters. Of the metals, I have adoptéd 
sub-divisions, which appear to me sufficiently to classify 
them by their most striking resemblances, without the incon- 
venience of those multifarious distinctions, which serve rather 
to oppress than to assist the memory. 

So far, the bodies, which will have been introduced to the 


reader’s notice, belong neither to the animal nor the vege- 
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table kingdoms, the subjects of which will next demand our 
attention. The confines between these kingdoms, it is well 
known, have, in many instances, been traced by the hand 
of nature so indistinctly, that it is difficult to pronounce to 
which of them particular individuals ought to be referred. 
Nor are we always relieved from the difficulty, by appealing 
to chemical propertics; for it frequently happens that azote, 
which was formerly supposed to belong exclusively, or nearly 
so, to animal matters, is evolved in the form of ammonia, by 
the destructive decomposition of vegetables. The distinction, 
however, between animals and vegetables, understood in its 
popular sense, is sufficient to serve as the basis of a subordi- 
nate division of bodies,’ till improved processes of analysis, 
and more refined and extended results, shall enable us to 
take a wider survey of nature, and to found our classifications 
on the true constitution of bodies, by which are implied, not 
only the kind and number of their elementary atoms, but the 
manner in which they are grouped. 

Having concluded the history, both of inorganic and or- 
ganic bodies, it will only remain to lay down practical rules, 
deduced from facts and principles that have been explained 
in the course of the work, for solving a few of the most in- 
teresting problems in Cuimicat ANALysis; and to present, 
in a series of TaBLEs, synoptical views of such facts, as are 


best exhibited under that form. 
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PART I. 


CHAPTER I. 
OF- A CHEMICAL~ LABORATORY AND APPARATUS. 


A cHeEmicaL laboratory, though extremely useful, and 
even essential, to all who embark extensively in the practice 
of chemistry, either as an art, or as a branch of liberal know- 
ledge, is by no means required for the performance of those 
simple experiments, which furnish the evidence of the funda- 
mental truths of the science. A room that is well lighted, 
easily ventilated, and destitute of any valuable furniture, is 
all that is absolutely necessary for the purpose. It is even ad- 
viseable, that the construction of a regular laboratory should 
be deferred, till the student has made some progress in the 
science; for he will then be better qualified to accommodate 
its plan to his own peculiar views and convenience. 

It is scarcely possible to offer the plan of a laboratory, which 
will be suitable to every person, and to all situations; or to 
suggest any thing more than a few rules that should be gene- 
rally observed. Different apartments are required for the 
various classes. of chemical operations. ‘The principal one 
may be on the ground floor; twenty-five feet long, sixteen or 
eighteen wide, and open to the roof, in which there should 
be contrivances for allowing the occasional escape of suffo- 
cating vapours. ‘This will be destined chiefly for containing 
furnaces, both fixed and portable. It should be amply fur- 
nished with shelves and drawers, and with a large table in the 
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centre, the best form of which is. that of a double cross. 
Another apartment may be appropriated to the minuter ope- 
rations of chemistry; such as those of precipitation on a 
small scale, the processes that require merely the heat of a 
lamp, and experiments on the gases. In a third of smaller 
size, may be deposited accurate balances, and other instru- 
ments of considerable nicety, which would be injured by the 
acid fumes that are constantly spread through a laboratory. 

The following are the principal instruments that are re- 
quired in chemical investigations; but it is impossible, with- 
out entering into very tedicus details, to enumerate all the 
apparatus that should be in the possession of a practical 
chemist. 

——< 8 


_ SECTION I.” 
Of Apparatus for General Purposes. 


I. Furnaces. Thesé may be formed either of solid brick- 
work, or of such materials as admit of their removal from 
place to place. 

The directions generally laid down in elementary books of 
chemistry for the construction’ of FrxED FURNACES appear 
to me deficient in precision, and such as a workman would 
find it difficult to put in practice. I have, therefore, giver 
plans and sections, in the last two plates, of the various kinds 
of furnaces; and, in the: Appendix, minute instructions will 
be found for’erecting them.* 

The furnaces of most general utility are, Ist, the Wind 
Purnace, in which an intense heat is capable of being excited 
fer the fusion of metals, &c. In this furnace, the Body) stib- 
mitted to the action of heat, or the vessel containing it, is 
placed in contact with the burning fuel. Tig. 60 exhibits one 
of the most common construction. Fig. 61 is the section of 
a wind furnace; the plan of which was obligingly commu- 
nicated to me by Mr Knight, of Foster-lane, London, to 
pie i I am indebted for abi sp avapiee fig. 62. The 


* See the snob aids of the 7th\and 8th plates in the: dele te 


sEcT. I. GENERAL PURPOSES: 3 


wind furnace of Mr. Chevenix is shown by fig. 74. 2dly, 
The Evaporating Furnace is formed of iron plates, joined to- 
gether by rabbiting, and placed over horizontal returning 
flues of brick. Figs. 64 and 65,.are two views of this furnacé 
as‘ recommended’ by Mr. Knight. When’ evaporation is per= 
formed by the naked fire, the vessel may be placed on the top 
of the furnace, fig. 60 or 61; and when effected through the 
intervention of a water bath, a shallow kettle of water, in 
which is placed the evaporating disk and its: contents, may be 
set in the same situation. For the purposes of evaporating 
liquids, and drying precipitates on a small. scale, at a tempe= 
rature not exceeding 212° Fahr. a convenient apparatus is re= 
presented by fig. 27. 3dly, The plan of a Reverleratory _fur= 
nace is exhibited by figs. 66, 67; and 68. 4thly, The Furnace 
for distilling by a Sand Heat is'constructed by setting’ upon the 
top of the brick-work, fig. 60, the iron pot, fig. 71; a door 
being made in the side’ of the furnace: for introducing fuel. 
Distillation by the'naked fire'is performed with the wind fur- 
nace, figs: 62,63. 5thly; The Cupelling or Enamelling Fur=_ 
nace, is shown by figs. 69, 70: 

Portable furnaces, however, are amply sufficient for all the 
purposes of the chemical’ student, at the outset of his pursuit. 
The one which I prefer is that shown by figs: 58 and 59. It 
was originally contrived, I believe, by Mr. Schmeisser;* and 
is made with considerable improvements, and sold by the 
dealers in chemical apparatus. Its size is so small, that 
it may be set on a table, and the smoke may be conveyed by 

an iron pipe, into the chimney: of the apartment. In the fur- 
- nace, as it is usually sold, the chimney, adapted for distillation 
with a sand heat; passes’ directly through the sand+bath, the 
form of which is necessarily, when thus constructed, a very 
inconvenient one. I have found it a great improvement to 
make the aperture for the chimney atk. This allows us to 
have a sand-bath of the usual shape, as shown by fig. 593 or 
even to place evaporating dishes, or a small boiler, on the 
top of the furnace.. The. aperture of the side flue may be 

* See his: Mineralogy, Tab. iii. and iv. 
B2 
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¢losed by a stopper, when we dispose the furnace as shown 
by fig. 58. Dr. Black’s furnace is generally made of a larger 
size, and is adapted to operations on a more considerable 
scale. (See figs. 72 and 73.) Both these furnaces are con- 
structed of thin iron plates, and are lined with fire-clay. 
They will be minutely described in the references to the 
plates. cicrudy be ' 

‘For the purpose of exciting a sudden heat, and of raising 
it to great intensity, nothing can be better adapted than a 
very simple, cheap, and ingenious furnace, contrived by Mr. 
Charles Aikin, fig. 55. It is formed out of pieces of black- 
lead melting pots, in a manner to be described in the Ap- 
pendix, and is supplied with air by a pair of double bellows, d. 
By a slight alteration, this furnace may occasionally be em- 
ployed for the operation of cupelling. (See fig. 57.) 


—II.. For containing the materials, which are to be sub- 
mitted to the action of heat in a wind furnace, vessels called 
{RUCIBLES are employed. They are most commonly made 
of a mixture of fire-clay and sand, occasionally with the ad- 
dition of plumbago, or black lead. ‘The Hessian crucibles are 
best adapted for supporting an intense heat without melting ; 
but they are hable to crack when suddenly heated or cooled. 
The porcelain ones, made by Messrs. Wedgewood, are of 
much purer materials, but are still more apt to crack on sud- 
den changes of temperature; and, when used, they should, 
therefore, be placed in a common crucible of larger size, the 
interval being filled with sand. The black-lead crucibles 
resist very sudden changes of temperature, and may be re- 
peatedly used; but they are destroyed when some saline sub- 
stances (such as nitre) are melted in them, and are consumed 
by a current of air. For certain purposes, crucibles are 
formed of pure silver or platina. Their form varies consi- 
derably, as will appear from inspecting plate vi. figs, 49, 50, 
51, and 54. It is necessary in all cases, to raise them from 
the bars of the grate, by a stand, fig. 53, aor b. For the 

purpose of submitting substances to the continued action of a 
red heat, and with a considerable surface exposed to the air, 
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the hollow arched vessel, with a flat bottom, fig. 52, termed 


a muffle, is commonly used. In fig. 69, d, e, the muffle is 
shown, placed in a furnace for use. | 


III. Evaroratine vEssets should always be of a flat shape, 
so as to expose them extensively to the aciion of heat. (See 
a section of one, fig. 12.) They are formed of glass, of 
earthen ware, and of various metals. ‘Those of glass are with 
difficulty made sufficiently thin, and are often broken by 
change of temperature; but they have a great advantage in 
the smoothness of their surface, and in resisting the action of 
most acid and corrosive substances. Evaporating vessels of 
porcelain, or Wedgewood’s ware, are next in utility, are less 
costly, and less liable to be cracked. ‘They are made both of 
glazed and unglazed ware. For ordinary purposes the former 
are to be preferred; but the unglazed should be employed 
when great accuracy is required, since the glazing is acted 
on by several chemical substances. LEvaporating vessels of 
glass or porcelain are generally bedded, up to their edge, in 
sand (see fig. 65); but those of various metals are placed im- 
mediately over the naked fire. When the glass or porcelain 
yesse! is very thin, and of small size, as a watch glass for 
example, it may be held by means of a small prong, repre- 
sented under fig. 12; or it may be safely placed on the ring of 

the brass stand, plate i. fig. 13, and the flame of an Argand’s 
lamp, cautiously regulated, may be applied beneath it. A 
lamp thus supported, so as to be raised or lowered, at plea- 
sure, on an upright pillar, to which rings, of various dia- 
meters, are adapted, will be found extremely useful; and, 
when a strong heat is required, it is adviseable to employ a 
lamp, furnished with double concentric wicks. A lamp for 
burning spirit of wine will, also, be found very convenient, 
especially if provided (as they now generally are) with a glass 
cap to cover the wick when not in use, which being fitted by 
grinding, prevents the waste of the spirit by evaporation. 

IV. In the process of evaporation, the vapour for the most 
part is allowed to escape; but of certain chemical processes, 
the collection of the volatile portion is the principal object. 
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This process is termed pisTILLaTIon. It is performed in ves- 
sels of various forms and materials. The common still is so 
generally known, rice a representation of it in the plates was 
deemed unnecessary.* It consists of a vessel, generally of 
copper, shaped like a tea-kettle, but without its spout and 
handle. Into the opening of this vessel, instead of a common 
lid, a hollow moveable head is affixed, which ends in a nar- 
row, open pipe. This pipe is received into another tube 
of lead; which is twisted spirally, and fixed in a wooden tub, 
so that it may be surrounded by cold water. (Fig. 40, dd.) 
When the apparatus is to be used, the liquid intended to be 
distilled is poured into the body of the still, and the head is 
fixed in its place, the pipe, which terminates it, being received 
into the leaden worm. The liquid is raised into vapour, which 
passes into the worm, is there condensed by the surrounding 
cold water, and flows out at the lower extremity. 

The common still, however, can only be employed for vola- 
tilizing substances that do not act on copper, or other metals, 
and is, therefore, limited to very few operations. The vessel, 
fig. 2, is of glass, or earthen ware, and is also intended. for 
distillation. It is termed an alemlic, and consists of two parts; 
_ the body a for containing the materials, and the head J by 

which the vapour is condensed; the pipe c conveying it to a 
receiver. Vessels, termed retorts, however, are more generally 
used. Fig. 1, a, shows the common form, and fig. 13, a, re- 
presents a stoppered, or tubulated retort. Retorts are made 
of glass, of earthen ware, or of metal. When a liquid is to 
be added at distant intervals during the process, the best con- 
irivance is that shown fig. 26, a, consisting of a bent tube, 
with a funnel at the upper end. When the whole is intro- 
duced at first, it is done either through the tubulure, or, if 
anto a plain retort, through the funnel, fig. 10, by means of — 
which the liquid may be poured in, without touching the inside 
of the retort neck. 

To the retort, a receiver is a necessary appendage: andl she 
may either be plain, fig. 1, J, or tubulated, as shown by the 
dotted lines at c. To some receivers a pipe is. added (Ag. 13, ee 


* See Aikin’s Chem. Dict. pl, ii. fig. 3 31 
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which may-enter ‘partly into a bottle beneath. This -vessel, 
which is principally useful for enabling us to remove the dis+ 
tilled liquid, at different periods of the process, is termed.a 
quilled receiver. For some ‘purposes, ‘it is.expedient to have 
the quilled part accurately ground to the neck of the bottle, ¢, 
whichshould then be furnished with a tubulure, or second 
neck, having a ground stopper, and should be provided, also, 
with a bent tube, to be occasionally applied, for conveying 
away any gases that may be produced. Thecondensation of 
the vapour is much facilitated, by lengthening the neck of the 
retort with an adopter (fig. 11), the wider end of whicli slips 
over the retort neck, while its narrow extremity is admitted 
into’ the mouth of the receiver. (See fig. 63.) 

Heat may be applied to the retort in several modes. "When 
the vessel is of earthen ware, :and when the distilled substance 
requires a strong heat to raise it into vapour, the:naked fire is 
applied, as shown fig. 63. Glass retorts are generally placed 
in heated sand (fig. 59); and, when of a small size, the flame 
of an Argand’s lamp, cautiously regulated, may be convenient- 
ly used (fig. 13). 

In several instances, the substance raised by distillation is 
partly a condensable liquid, and partly a gas, which is not 
condensed till it is brought into contact with water. To effect 
this double purpose, a series of receivers, termed /Voulfe’s 
_ Apparatus, is employed. ‘The first receiver (L. fig. 30) has a 
right-angled glass tube, open at both ends, fixed into its tu- 
bulure; and the other extremity of the tube is made to termi- 
nate beneath the surface of distilled water, contained, as high 
as the horizontal dotted line, in the three-necked bottle -c. 
From another neck of this bottle, a second pipe proceeds, 
which ends, like the first, under water, contained in a second 
bottle d. To the central neck a straight tube, open at both 
ends, is fixed, so that its lower end'may be a littke beneath 
the surface of the liquid. Of these bottles any number may 
be employed that is thought necessary. 

The materials being introduced into:the retort, the arrange- 
mentcompleted,. and ‘the joints ‘secured in’ the manner to be 
presently described, the-distillation is begun: The condens+ 
able vapour'collects ina liqaidform: in: the balloon 4, while 
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the evolved gas passes through the bent pipe, beneath the sur- 
face of the water in c, which continues to absorb it till satu- 
rated. When the water of the first bottle can absorb no 
more, the gas passes, uncondensed, through the second right- 
angled tube, into the water of the second bottle, which, in its 
turn, becomes saturated. Any gas that may be produced, 
which is not absorbable by water, escapes through the bent 
tube e, and may be collected, if necessary. 

Supposing the bottles to be destitute of the middle necks, 
and, consequently, without the perpendicular tubes, the pro- 
cess would be liable to be interrupted by an accident: for if, 
in consequence of a diminished temperature, an absorption or 
condensation of gas should take place, in the retort a, and, of 
course, in the balloon J, it must necessarily ensue that the 
water of the bottles c and d would be forced, by the pressure 
of the atmosphere, into the balloon, and possibly into the 
retort, which might cause a dangerous explosion; but, with 
the addition of the central tubes, a sufficient quantity of air 
rushes through them to supply any accidental vacuum. This 
inconvenience, however, is still more conveniently obviated by 
Welther’s tube of safety (fig. 31, )), which supersedes the ex~ 
pediency of three-necked bottles. ‘The apparatus being ad- 
justed, as shown by the figure, a small quantity of water is 
poured into the funnel, so as to about half fill the ball J. 
When any absorption happens, the fluid rises inthe ball, till 
none remains in the tube, when a quantity of air immediately 
rushes in and supplies the partial vacuum in a. On the other 
-hand, no gas can escape, under ordinary circumstances; he- 
cause any pressure from within is instantly followed by the 
formation of a high column of liquid in the perpendicular 
part, which resists the egress of gas. This ingenious inven- 
tion I can recommend, from ample experience of its utility. 

Very useful alterations in the construction of Woulfe’s ap- 
paratus have been contrived also by Mr. Pepys and Mr. 
Knight. That of the former is shown (fig. 32), where the 
balloon J is surmounted by a vessel c accurately ground to it, 
and furnished with a glass valve, resembling that affixed to ” 
Nooth’s: apparatus for impregnating water with carbonic acid, 
commonly sold under that name in the glass shops. *This © 


~ 
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valve allows gas to pass freely into the vessel c, but prevents 
the water which ¢ contains from falling into the balloon. Mr. 
Knight’s improvement is described, and represented in a plate, 
in the Philosophical Magazine, vol. xx.* 

_ When a volatile substance is submitted to distillation, it is 
necessary to prevent the escape of the vapour through the 
junctures of the vessels; and this is accomplished by the ap- 
plication of Lutes. The most simple method of confining the 
vapour, it is obvious, would be to connect the places of junc- 
‘ture accurately together by grinding; and accordingly the 
neck of the retort is sometimes ground to the mouth of the 
receiver. ‘This, however, adds too much to the expense of 
apparatus to be generally practised. 

When the distilled liquor has no corrosive property (such 
as water, alcohol, ether, &c,), slips of moistened bladder, or 
of paper, or linen, spread with flour paste, white of egg, or 
mucilage of gum arabic, sufficiently answer the purpose. The 
substance which remains, after expressing the oil from bitter 
almonds, and which is sold under the name of almond-meal, 
or almond powder, forms a useful lute, when mixed, to the 
consistency of glaziers’ putty, with water or mucilage. For 
confining the vapour of acid, or highly corrosive substances, 
the fat lute is well adapted. It is formed by beating perfectly 
dry and finely sifted tobacco pipe-clay, with painters’ drying 
oil, to such a consistence that it may be moulded by the hand. 
The same clay, beat up with as much sand as it will bear, 
without losing its tenacity, with the addition of cut fibres of 
tow, or of a little horse-dung, and a proper quantity of water, 
furnishes a good lute, which has the advantage of resisting a 
considerable heat, and is applicable in cases where the fat lute 
would be melted or destroyed. Various other Jutes are re- 


* Another modification of this apparatus, by Dr. Murray, is represented 
in Nich. Journ. 8vo. vol. iii. or in Murray’s System of Chemistry, vol. i. 
pl. v. fig. 40.. Fig. 41 of the same plate exhibits a cheap and simple form 
of this apparatus, contrived by the late Dr. Hamilton, and depicted ori- 
ginally in his translation of Berthollet on Dyeing. Mr. Burkitt's improve- 
“ment of this apparatus may be seen in Nicholson’s Journal, 4to. vol, ve 
349; and an American invention for the same purpose is represented in 
the Quarterly Journal, viii. 384. 
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commended:by chemical writers; but the few that have been 
enumerated I find to be amply sufficient for every purpose. 

Qn some occasions, it is necessary to protect the retort from 
too sudden changes of temperature, by a:proper coating. For 
glass retorts, a mixture of moist common clay, or loam, with 
sand, and cut shreds of tow or flax, may be employed. If 
the distillation be performed by a sand heat, the coating needs 
not to be applied higher than that part of the retort which is 
bedded in sand; but if the process be perfermed in a wind 
furnace (fig. 63), the whole body of the retort, and that part 
of the neck also which is exposed to the fire, must be carefully 
coated. To this kind of distillation, however, earthen retorts 
are better adapted; and they may be covered with a compo- 
sition originally recommended by Mr. Willis. ‘Two ounces 
of borax are to be dissolved in a pint of boiling water, and a 
sufficient quantity of slaked lime added, to give it the thick- 
ness of cream. This is to be applied by a painter’s brush, 
and allowed todry. Over this.a thin paste is afterwards to be 
applied, formed of slaked lime and common linseed-oil, well 
mixed and perfectly plastic. In a day or two, the coating 
will be sufficiently dry to allow the use of the retort. 

For joining together the parts of iron vessels, used in distil- 
lation, a mixture of the finest China clay, with a solution of 
borax, is well adapted. In all cases, the different parts of any 
apparatus made of iron should be accurately fitted by boring 
and grinding, and the above lute is to be applied to the part 
which is received into.an aperture. This will generally be suf- 
ficient without any exterior luting; otherwise the lute of clay, 
sand, and flax, already described, may be applied.over the joint. 

In every instance, where a lute or coating is applied, it is 
adviseable to allow it to.dry before the distillation is begun; 
and even the fat lute, by exposure to the air during one or two 
days after its. application, is much improved in firmness. 
The clay and sand late is perfectly useless, except it be pre- 
viously quite dry. In applying a lute, the part immediately 
over the juncture should swell outwards, and its diameter 
should be gradually diminished on each side. (See fig. 13, 


where the luting is shown, applied to the joining of the retort 
and receiver.) ‘ 
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Beside the apparatus already described, a variety of vessels 
and instruments are necessary, having little resemblance to 
each other, in the purposes to which they areadapted. ‘Glass 
vessels are required for effecting solution, which often re- 
quires the application of heat, and sometimes for a consider-. 
able duration. In the latter case, it is termed digestion, and 
the vessel, fig. 4, called a matrass, is the most proper for per- 
forming it. When solution is required to be quickly effected, 
the bottle, fig. 5, with a rounded bottom, may be used ; or a 
common Florence oil flask serves the same purpose extremely 
well, and bears, without cracking, sudden changes of tempe- 
rature. For precipitations, and separating liquids from preci- 
pitates, either form of the decanting-jar (fig. 14), will be found 
useful; or, if preferred, it may be shaped as in fig. 26, f. 
Liquids, of different specific gravities, are separated by the 
vessel, fig. 3; the heavier fluid being drawn off through the 
cock J, and air being admitted by the removal of the stopper 
a, to supply its place. Glass rods, of various lengths, and: 
spouns of the same material, or of porcelain, are useful for 
stirring acid and corrosive liquids; and a stock of cylindrical 
tubes, of various sizes, is required for occasional purposes. It 
is necessary also to be provided with a series of glass measures, 
graduated into drachms, ounces, and pints. ‘The small tube, 
fig. 15, called a dropping tube, which is open at each end and 
blown in the middle into a ball, will be found useful in direct- 
ing a fine stream of water upon the edges of a filtre, or any 
small object. The same purpose may, also, be very conve- 
niently effected by fixing a piece of glass tube of small bore, 

_ two or three inches long, and bent at one end to an obtuse 
angle, into a hole bored in a cork, which may be used as the 
stopple of an eight ounce vial filled with water, fig. 25, a. 
On inverting the vial, and grasping the bottom part of it, the 
warmth of the hand expels:either a few drops or asmall stream 
of water, which may be directed upon any minute object. 
When the flow ceases, it may be renewed, if required, by 
setting the bottle, for a moment, with its mouth upwards 
(which admits a fresh supply of cool air); and then proceeding 
as before. v 

For the drying of precipitates, and other substances, by a 
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heat not exceeding 212°, a very useful apparatus is sold in 
London, by the makers of chemical implements. It is repre- 
sented, supported by the ring of a lamp-stand, by fig. 27. 
The vessel a is of sheet-iron or copper japanned and hard- 
soldered; c is a conical vessel of very thin glass, having a rim, 
which prevents it, when in its place, from entirely slipping 
into @; and dis a moveable ring, which keeps the vessel ¢ in 
its place. When the apparatus is in use, water is poured 
into a about as high as the dotted line ; the vessel c, containing 
the substance to be tried, is immersed in the water, and se- 
cured by the ring d; and the whole apparatus set over an 
Argand’s lamp. The steam escapes by means of the chimney 
L, through which a little hot water may be occasionally poured, 
to supply the waste by evaporation. By changing the shape 
of c to the segment of a sphere, still retaining the rim, I 
have found it a most convenient vessel for evaporating fluids. 
For the purpose of depriving organic substances of water 
without decomposing them, they may be exposed to a tem- 
perature of 212° Fahr. in a vacuum with sulphuric acid. An in- 
genious apparatus for this purpose, invented by Dr. Prout, is 
described in the Annals of Philosophy, vol. vi. p. 272. 
Accurate beams and scales,- of various sizes, with corres- 
ponding weights, some of which are capable of weighing seve- 
ral pounds, while the smaller size ascertains a minute fraction 
ofa grain, are essential instruments in the chemical labora- 
tory. A balance of great accuracy and sensibility, and at the 
same time attainable at a moderate expence, has been invented 
by Capt. Kater. It is described in the Quarterly Journal, 


x1. 280, and xii. 40. Mortars, also, should be at hand of » 


- 


various materials, such as glass, porcelain, agate, and metal. 
Wooden stands, too, of various kinds, for supporting re- 
ceivers, should be provided. * - For purposes of this sort, 
and for occasionally raising ie. a proper height any article of 
apparatus, a series of blocks, made of well seasoned wood; 


eight inches (or any other number) square, and respectively 
eight, four, two, one, and half an inch in thickness, will be - 


found extremely useful; since, by combining them in different 
ways, thirty-one different heights may be obtaiued! 


“ See Aikin’s Chem. Dict. pl. iv. fig. 59, e. 
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The blow-pipe is an instrument of much utility in chemical 
researches. A small one, invented by Mr. Pepys, with a flat 
cylindrical box for condensing the vapour of the breath, and 
for containing caps, to be occasionally applied with apertures 
of various sizes, is perhaps the most commodious form.* One 
of a much smaller size, for carrying in a pocket-book, has been 
contrived by Dr. Wollaston.+ A blow-pipe,. which is sup- 
plied with air from a pair of double bellows, worked by the 
foot, { may be applied to purposes that require both hands to 
be left at liberty, and will be found useful in blowing glass, 
and in bending tubes. The latter purpose, however, may be 
accomplished by holding them over an Argand’s lamp with 
double wicks. A simple and ingenious apparatus, in which 
atmospheric air is expelled from a jet by the pressure of a 
column of water, is described by Mr. ‘Tilley in the 43d vol. 
of the Philosophical Magazine. Another contrivance of a 
similar kind, Parente by Dr. Clarke in the Annals of, 
Philosophy, N. S. i. 428, is sold in London under the name of 
Toft’s Blow-pipe, buti it appears to me objectionable on account 
of the room which it occupies. Occasionally, when an intense 
heat is required, the flame of the blow-pipe, instead of being 
supported by the mouth or by common air, may be kept up 
by a stream of oxygen gas, expelled from a bladder or from a 
gas-holder.§ The blow-pipe invented by Mr. Brooke con- 
sists of a small square box of copper or iron, into which air is 
forced by a condensing syringe, and from which it is suffered 
to rush, through a tube of very small aperture, regulated by a 
stop-cock, against the flame of a lamp or candle.|| By means 
of a screw added to the syringe, the receiver may be filled 
with oxygen gas, or, as will be described hereafter, with a 
mixture of hydrogen and oxygen gases. Blow-pipes on this 
construction may be had of Mr. Newman, aud of most of the 
other makers of philosophical instruments. .'The application 


* See Aikin’s Chem. Dict. pl. vii. fig..71, 72, 73. 
- It is described in Nich. Journ. xv..284. See also pl. x. at the end of 
this volume. 
{ Phil. Mag. xliii. 280. 


§ Seea representation of the le for this purpose, in the Chemical 
Conversations, pl. ix. 


_ Thomson’s Annals, vii. 367 3 or eanterty Journal, i. 65. 
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of the blow-pipe to chemical analysis, and especially to the 
examination. of minerals, may be best learned from the ample 
and perspicuous directions contained in Berzelius’s Treatise 
on the Use of the Blow-pipe, in one vol. 8vo. lately translated 
by Mr. Children. 

In the course of this work, various other articles of appa- 
ratus will be enumerated, in detailing the purposes id which 
they are adapted, and the principles on which they are con- 
structed. It must be remembered, however, that it is no part 
of my object to describe every ingenious and complicated in- 
vention, which has been essa steels in the investigation of che- 
-mical science: but merely to assist the student in attaming 
apparatus for general and ordinary purposes. For such pur- 
poses, and even for the prosecution of new and important in- 


quiries, very simple means are sufficient; and some of the 


most interesting chemical facts may be exhibited and even 
ascertained, with the aid merely of Florence flasks, of com- 


— 


mon vials, and of wine glasses. In converting these to the . 


purposes of apparatus, a considerable saving of expense will 
accrue to the experimentalist; and he will avoid the encum- 
brance of various instruments, ae value of which consists in 
show, rather than in real utility. P 


oo 
‘SECTION II. 
Of the Apparatus for Experiments on the Gases. 


For performing the necessary experiments on gases, many 


articles of apparatus are essential, that have not hitherto been — 


described. It may assist the student in obtaining the neces- 
sary instruments, if a few of the most essential be here enu- 
merated. In this place, however, I shall mention such only, 
as are necessary in making a few general experiments on that 
interesting class of bodies. 

The apparatus, required for experiments on gases, consists 
partly of vessels fitted for containing. the materials that afford 
them, and partly of vessels adapted for the reception of gasesy 
and for submitting them’ to experiment. 
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1. For procuring such gases as are producible without a 
very strong heat, glass bottles, furnished with ground. stop- 
pers and bent tubes, are sufficient (plate ii. fig. 18). Of these 

~ several will be required, of different sizes and shapes, adapted 
~ to different purposes. If these cannot be procured, a. Flo- 
rence flask, with a cork perforated by a bent glass tube, or 

- even bya 1 pipe; will serve for obtaining some: of the gases. 

Those gases that require, for their liberation, axred. heat, 
may be procured, by exposing to heat the substance capable 
of affording them, in earthen retorts or tubes; or in a gun 
barrel, the touch-hole of which has been accurately plugged 
by an iron pin. To the mouth of the barrel must be affixed 
a. glass tube, bent so as. to convey the gases where. it may be 
requisite. 

A very convenient apparatus, for obtaining such gases, as 
cannot be disengaged without a red heat, is sold at. the shops 
for philosophical apparatus in London. | It consists of a cast- 
iron retort, having a jointed metallic conducting tube fitted 
to it by grinding ; by means of which the gas may be con- 
veyed in any direction, and to any moderate distance. It is 

_ represented as placed, when in actual use, between the bars 
of a common fire-grate (plateix. fig. 85, a, b.) 

2. For receiving the gases, glass jars, of various sizes (figs. 
22, 23), are required, some of which should be furnished. with 
necks at the top, fitted with ground stoppers. Others should 
be provided with brass caps, and screws, for the reception of 
air-cocks (fig. 22).. Of these last (the air-cocks), several will 
be found necessary ; and, to some of them, bladders, or elastic 
bottles, should be firmly tied, for the purpose of transferring 
gases. These jars will also be found extremely useful in ex- 
periments on the properties and effects of the gases. Some 
of them should be graduated into cubical inches. 

To contain these jars, when in use, a vessel will be ne- 
cessary, capable of holding a few gallons. of water. This 
may either be of wood, if of considerable size; or, if small, 
of tin, japanned or painted. Plate iv. fig. 41, ff, exhibits a 
section of this» apparatus, which has been termed the pneu- 
mato-chemical trough, or pneumatic cistern. Its size may 
vary with that'of the:jars employed; and, about two or three 
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inches from the top, it should have a shelf, on which the jars 
may be placed, when filled with air, without the risk of being 
overset. In this shelf shou!d be a few small holes, to which 
inverted funnels may be soldered. 
A glass tube, about 18 inches long, and three quarters of 
an inch diameter (fig. 24,) closed at one end, and divided into 
cubic inches, and tenths of inches, will be roduc aaes ascer- 
taining the purity of air by nitrous gas. It should be accom- 
panied also with a small measure, containing about,two cubic 
inches, and similarly graduated. For employing the solution 
of nitrous gas in liquid sulphate of iron, glass tubes, about 
five inches long, and half an inch wide, divided decimally, 
are also necessary. Besides these, the experimentalist should 
be furnished with air funnels (fig. 19), for transferring gases 
from wide to narrow vessels. : 
An apparatus, almost indispensable in experiments on this 
class of bodies, is a GazOME'TER, which enables the chemist to 
collect and to preserve large quantities of gas, with the aid 
of only a few pounds of water. In the form of this apparatus 
there is considerable variety ; but, at present, I have no other 
view than that of explaining its general construction and use. 
It consists of an outer fixed vessel d (plate iv. fig. 35), and an 
inner moveable one, ¢, both of japanned iron. ‘The latter 
slides easily up and down within the other, and is suspended 
by cords passing over pulleys, to which are attached the coun- 
terpoises, ee. ‘To avoid the encumbrance of a great weight 
of water, the outer vessel d is made double, or is composed of 
two cylinders, the inner one of which is closed at the top and 
at the bottom. ‘The space of only about half an inch is left 
between the two cylinders, as shown by the dotted lines. In 
this space the hollow vessel c may move freely up and down. 
The interval is filled with water as high as the top of the 
inner cylinder. The cup, or rim, at the top of the outer 
vessel, is to prevent the water from overflowing, when the 


vessel c¢ is forcibly pressed down, in which situation it is 


placed whenever gas is about to be collected. The gas enters — 
from the vessel in which it is produced, by the communicating — 
pipe J, and passes along the perpendicular pipe marked by 
dotted lines in the centre, into the cavity of the vessel’ c, 
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which continues rising till it is full, when it is stopped by the 
cross bar to which the pullies are attached. 

To transfer the gas, or to apply it to any purpose, the cock 
b is to be shut, and an empty bladder, or bottle of elastic 
gum, furnished with a stop cock, to be screwed on a. When 
the vessel c is pressed down by the hand, the gas passes 
down the central pipe, which it had before ascended, and its 
escape at b being prevented, it finds its way up a vertical pipe 
which is fixed to the outer surface of the vessel, and which is 
terminated by the cock-a._ By means of an ivory mouth-piece 
screwed upon this cock, the gas, included in the instrument, 
may be respired; the nostrils being closed by the fingers. 
When it is required to transfer the gas into glass jars standing 
inverted in water, a crooked tube may be employed, one end 
of which is screwed upon the cock J; while the other aperture 
is brought under the inverted fesariel; fixed into the shelf of 
the pneumatic trough. (See fig. 41, c.) 

Several alterations have been made in-the form of this ap- 
paratus; but they are principally such as add merely to its 
neatness and beauty, and not to its utility; and they render it 
less easy of explanation. ‘The counterpoises ee are now, for 
example, generally concealed in the framing, and the move- 
able vessel c is frequently made of glass. | 

When large quantities of gas are required (as at a public 
lecture), the gas-holder (plate iv. fig. 86), will be found ex- 
tremely useful. It is made of tinned iron plate, japanned 
both within and without. Two short pipes, a and c¢, ter- 
minated by cocks, proceed from its sides, and another, J, 
passes through the middle of the top or cover, to which it is 
soldered, and reaches within half an inch of the bottom. It 
will be found convenient also to have an air-cock, with a very 
wide bore, fixed to the funnel at J. When gas is to be trans- 
ferred into this. vessel from the gazometer, the vessel is first 
completely filled with water through the funnel, the cock a 
being left open, and c shut. By means of a horizontal pipe, 
the aperture.ais connected with a of the gazometer. The 
cock b being shut, a and ¢ are opened, and the vessel c of the 
gazometer (fig. 35), gently pressed downwards with the hand. 
The gas then descends’ from the gazometer till the air-holder 
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is full, which may be known by the water ceasing to escape, 
throngh the cock c. All the cocks are then to be shut, and 
the vessels disunited. To apply this gas to any purpose, an 
empty bladder may be screwed on a; and water being poured 
through the funnel /, a corresponding quantity of gas is forced 
into the bladder. By lengthening the pipe J, the pressure of 
a column of water may be added: and the gas being forced 
through a with considerable velocity, may be applied to the 
purpose of a blow-pipe, &c. &c. The apparatus admits of 
a variety of modifications. The most useful one appears to 
me to be that contrived by Mr. Pepys, consisting chiefly in 
the addition of a shallow cistern (e, plate ix. fig. 85) to the 
top of the air-holder, and of a glass register tube f; which 
shows the height of the water, and consequently the quantity 
of gas, in the vessel. A more minute account of it will be 
given in the description of the ninth plate.* 

The gazometer, already described, is fitted only for the 
reception of gases that are confinable by water; because 
quicksilver would act on the tinning and solder of the vessel, 
and would not only be spoiled itself, but would destroy the 
apparatus. Yet an instrument of this kind, in which mer- 
cury can be employed, is peculiarly desirable, on account of 
the great weight of that fluid; and two varieties of the mer- 
curial gazometer have therefore been invented. The one, of 
glass, is the contrivance of Mr. Clayfield, and may be seen 
represented in the plate prefixed to Sir H. Davy’s 8vo. vol. 
of Researches, published in 1800. In the other, invented by 
Mr. Pepys, the cistern for the mercury is of cast-iron. <A 
drawing and description of it may be found in the 5th vol. of 
the Philosophical Magazine; but as neither of these instru- 
ments are essential to the chemical student, and as they are 
required only in experiments of research, I deem it sufficient 
to refer to the minute descriptions of their respective in- 
ventors. Mr. Newman has lately joined a gazometer of this 
kind to an improved mercurial trough, by means of which 
the advantages of both are obtained with only 60 or 70 
pelted > lessor ot betes Daganp wren bere \o tile oieelaieaan 


“* Descriptions and figures of improved gas-holders may be seen also in 
ithe 13th, 24th, 27th, and 44th vols. of the Philosophical Magazine. 
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pounds of quicksilver. A description and drawing of this 
apparatus is given in the Journal of Science and the Arts, 
4.186. (See also pl. x. at the end of this volume.) 

For those gases that are absorbed by water, a mercurial 
trough is necessary. For the mere exhibition of a few expe- 
riments on these condensible gases, a small wooden trough, 
11 inches long, two wide, and two deep, cut out of a solid 
block of mahogany, is sufficient; but for experiments of 
research, one of considerable size is required. (See plate ili. 
Agia) if Sf?) 

The apparatus, required for submitting gases to the action 
of electricity, is shown in plate ix. fig. 84; where a represents 
the knob of the prime conductor of an electrical machine; 
% a Leyden jar, the ball of which is in contact with it, as 
when in the act of charging; and c the tube standing inverted 
in mercury, and partly filled with gas. The mercury is 
contained in a strong wooden box d, to which is screwed the 
upright iron pillar e, with a sliding collar for securing the 
tube c in a perpendicular position. When the jar 0 is charged 
to a certain intensity, it discharges itself between the knob a 
and the small ball 2, which, with the wire connected with it, 
may be occasionally fitted on the top of the tube c. The 
strength of the shocks is regulated by the distance between 
a and 2. 

By the same apparatus, inflammable mixtures of gases may 
be exploded by electricity. In this case, however, the jar J 
is unnecessary, a spark received by 2 from a being suflicient to 
kindle the mixture. ; 

The method of weighing gases is very simple, and easily 
practised. For this purpose, however, it is necessary to be 
provided with a good air-pump; and with a globe or flask, 
furnished with a brass cap and air-cock, as shown fig. 22, l. 
A graduated receiver is also required, to which an air-cock is 
adapted, as shown at fig. 22, a. 

Supposing the receiver a to be filled with any gas, the 
weight of which is to be ascertained, we screw the cock of 
the vessel J on the transfer plate of an air-pump, and exhaust 
it as completely as possible. The weight of the exhausted 
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vessel is then very accurately taken, even to a small fraction 
of a grain; and it is screwed upon the air-cock of the re- 
ceiver a. On opening both cocks, the last of which should 
be turned very gradually, the gas ascends from the vessel a; 
and the quantity, which enters into the flask, is known by 
the graduated scale on a. On weighing the vessel a second 
time, we ascertain how many grains have been admitted. If 
we have operated on common air, we shall find its weight to 
be at the rate of about 30.5 grains to 100 cubical inches. 
The same quantity of oxygen gas will weigh about 34 grains, 
and of carbonic acid gas upwards of 47 grains. 

In experiments of this kind it is necessary either to operate 
with the barometer at 30 inches, and the thermometer at 60° 
Fahrenheit, or to reduce the volume of gas employed to that 
pressure and temperature, by rules which will presently be 
given. Great care is to be taken, also, not to warm any of 
the vessels by contact with the hands, from which they should 
be defended by a glove. On opening the communication be- 
tween the receiver and the exhausted globe, if any water be 
lodged in the air-cock attached to the former, it will be 
forcibly driven into the globe, and the experiment will be 
frustrated. This may be avoided by using great care in filling 
the receiver with water, before passing into it the gas under 
examination. | 

The specific gravity of any gas compared with common air 
is readily known, when we have once determined its absolute 
weight. Thus if 100 cubic inches of air weigh 30.5 grains, 
and the same quantity of oxygen gas weighs $4 grains, we says 

$0.5,.: 34,3 :.1.000. 3: 14% 
The specific gravity of oxygen gas will therefore be as 1.1147 
to 1.000, . We may determine, also, the specific gravity of 
gases, more simply, by weighing the flask, first when full of 
common air, and again when exhausted; and afterwards by 
admitting into it as much of the gas under examination as it 
will receive; and weighing it a third time. Now as the loss 
between the first and second weighing is to the gain of weight 
on admitting the gas, so is common air to the gas whose spe- 
cific gravity we are estimating. Supposing, for example, 
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that by exhausting the flask it loses 30.5 grains, and that by 
admitting carbonic acid it gains 47; then 

$0.5 : 47 3: 1.000 : 1.5409. 
The specific gravity of carbonic acid is therefore 1.5409, air 
being taken at 1.000. And knowing its specific gravity, we 
can, without any farther experiment, determine the weight 
of 100 cubic inches of carbonic acid; for as the specific gra- 
vity of air is to that of carbonic acid, so is 30.5 to the num= 
_ ber required; or 

1.000 : 1.5409 :: $0.5 : 47. 
One hundred inches of Gavbonté acid, therefore, will weigh 
47 grains. 

Previously to undertaking experiments on other gases, it 
may be well for an unpractised experimentalist to acquire 
manual dexterity by transferring common air from one vessel 
to others of different sizes, in the following manner. 

1. When a glass jar, closed at one end, is filled with water, 
and held with its mouth downwards, in however small « 
quantity of water, the fluid is retained in its place by the 
pressure of the atmosphere on the surface of the exterior water. 
Fill in this manner, and invert, on the shelf of the pneumatie 
trough, one of the jars, which is furnished with a stopper 
(fig. 23). The water will remain in the jar so long as the 
stopper is closed; but immediately on removing it, the water 
will descend to the same level within as without; for it is now 
pressed, equally upwards and downwards, by the atmosphere, 
and falls therefore in consequence of its own gravity. 

2. Place the jar filled with water and inverted, over one 
of the funnels of the shelf of the pneumatic trough. Then 
take another jar, filled (as it will be of course) with atmo= 
spherical air. Place the latter with its mouth on the surface 
of the water; and on pressing it in the same position below 
the surface, the included air will remain in: its situation. 
Bring the mouth of the jar beneath the funnel in the shelf, 
and incline it gradually. The air will now rise in bubbles, 
through the funnel, into the upper jar, and will expel the 
water from it into the trough. 

3. Let-one of the jars, provided with a stop-cock at the 
top, be placed full of air on the shelf of the trough. Screw 
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upon itan empty bladder; open the communication between 
the jar and the bladder, and press the former into the water. 
The air will then pass into the bladder, till it is filled; and 
when the bladder is removed from the jar, and a pipe screwed 
upon it, the air may be again transferred into a jar inverted 
in water. | 

For the purpose of transferring gases from a wide vessel 
standing over water, into a small tube filled with and inverted 
over mercury, I have long used the following simple contri- 
vance of Mr. Cavendish. A tube, eight or ten inches long, 
and of very small diameter, is drawn out to a fine bore, and 
bent at this end, so as to resemble the italic letter 7. The 
point is then immersed in quicksilver, which is drawn into 
the tube till it is filled, by the action of the mouth. Placing 
the finger over the aperture at the straight end, the tube filled 
with quicksilver is next conveyed through the water, with the 
bent end uppermost, into an inverted jar of gas. When the 
finger is removed, the quicksilver falls from the tube into the 
trough, or into a cup placed to receive it, and the tube is filled 
with the gas. The whole of the quicksilver, however, must 
not be allowed to escape; but a column must be left, a few 
inches long, and must be kept in its place by the finger. Re- 
move the tube from the water; let an assistant dry it with a 
towel or with blotting paper; and introduce the point of the 
bent end into the aperture of the tube standing over quick- 
silver. On withdrawing the finger from that aperture which 
is now uppermost, the pressure of the column of quicksilver, 
added to the weight of the atmosphere, will force the gas 
from the bent tube into the one standing in the mercurial 
trough. 

On every occasion, when it is necessary to observe the 
precise quantity of gas, at the commencement and close of an 
experiment, it is essential that the barometer and thermometer 
should exactly correspond at both periods. An increased 
temperature, or a fall of the barometer, augments the appa- 
rent quantity of gas; and a reduced temperature or a higher 
barometer diminishes its bulk. Another circumstance, an 
attention to which is indispensable in all accurate experiments, 
is that the surface of the fluid, by which the gas is confined, 


SECT. Il. GASES. 23 


should be precisely at the same level within and without the 
jar. Ifthe fluid be higher within the jar, the contained gas 
will be under a less pressure than that of the atmosphere, the 
weight of which is counterpoised by that of the column of 
fluid within. In mercury, this source of error is of very con- 
siderable amount; as any person may be satisfied by raising 
above the surface of the quicksilver of a trough, a tube partly 
filled with that fluid, and partly with air, for the volume of the 
air will enlarge as the surface of the mercury within the tube 
is elevated above the outer surface. 

In experiments on gases, it is not always possible to begin 
and conclude an experiment at precisely the same tempe- 
rature, or with the same height of the barometer ; or even to 
bring the mercury within and without the receiver to the 
same level. In these cases, therefore, calculation becomes 
necessary ; and with the view of comparing results more rea- 
dily and accurately, it is usual to reduce quantities of gas to 
the bulk they weuld occupy under a given pressure, and at 
a given temperature. In this country, it is now customary to 
assume asa standard 30 inches of the barometer, and 60° of 
Fahrenheit’s thermometer; and to bring to these standards. 
observations made under other degrees of atmospheric pres- 
sure and temperature. The rules for these corrections, which 
are sufficiently simple, are the following : 


Rules for reducing the Volume of Gases to a mean Height of 
the Barometer, and mean Temperature. 


1. From the space occupied by any quantity of gas under an 
observed degree of pressure, to infer what its volume would be 
under the mean height of the barometer, ig this at 80 inches, 
as is now most usual. 

This is done by the rule of proportion; for, as the mean 
height is to the observed height, so is the observed volume to 

_the volume required. For example, if we wish to know what 
space would be filled, under a pressure of 30 inches of mer- 
cury, by a quantity of gas, which fills 100 inches, when the © 
barometer i is at 29 inches, 

30: 29::: 100: 96.66. 
The 100 inches would, therefore, be reduced to 96.66. 
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2. To estimate what would be the volume of a portion of gas, 
if brought to the temperature of 60° Fahrenheit. 

Divide the whole quantity of gas by 480: the quotient will 
show the amount of its expansion or contraction by each 
degree of Fahrenheit’s thermometer. Multiply this by the 
number of degrees, which the gas exceeds, or falls below, 60°. 
Ifthe temperature of the gas be above 60°, subtract, or if 
below 60°, add, the product to the absolute quantity of gas; 
and the remainder in the first case, or sum in. the second, will 
be the answer. ‘Thus, to find what space 100 cubic inches of 
gas at 50° would occupy if raised to 60°, divide 100 by 480; 
the quotient 0.208 multiplied by 10 gives 2.08, which added 
to 100 gives 102.08 the answer required. If the temperature 
had been 70°, and we had wished to know the volume which 
the gas would have occupied at 60°, the same number 2:08 
must have been subtracted from 100, and 97.92 would have 
been the answer. 

3. In some cases, it is necessary to make a pars correc- 
tion, or ¢o bring the gas tow. mean both of ihe barometer and 
thermometer. We must then first correct the temperature, 
and afterwards the pressure. Thus to know what space 100 
inches of gas at 70° Fahrenheit, and 29 inches barometer, 
would fill at 60° Fahrenheit and 30 inches barometer, we first 
reduce the 100 inches, by the second process, to vite 92. Then 
by the first 

30 : 29 2: 97.92 : 94.63. 
Or 100 inches thus corrected, would be only 94.63. 

4. To ascertain what would. le the absolute weight of a 
given volume of gas at amean temperature, from the known 
weight of an equal volume at.any. other temperature ; first, find 
by the second process what would be its bulk at.a mean tem- 
perature ; and then. say, as. the corrected bulk is to the actual 
weight, so is the observed bulk to the number required. 
Thus if we have 100 cubic inches of gas weighing 50 grains 
at 50° Fahrenheit, if the temperature were raised to.G0°. they: 
would éxpand.to 102.08. And _ 

102.08 : 50: : 100:: 49.. 
Therefore 100 inches: of the same gas at: 60° would weigh 49 
grains. 
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5. To learn the absolute weight of a given volume of gas 
under a mean pressure, from its known weight under an observed 
pressure, say, as the observed pressure is to the mean pressure, 
so is the observed weight to the corrected weight. For ex- 
ample, having 100 inches of gas which weigh 50 grains under 
a-pressure of 29 inches, to know what 100 inches of the same 
gas would weigh, the barometer being 30 inches, 

29: 30: 50 : 61.72. 
Then 100 inches of the same gas, under 30 inches pressure, 
would weigh 51.72 grains. 

6. In some cases it is necessary to combine the two last 
calculations. ‘Thus, if 100 inches of gas at 50° Fahrenheit, 
and under 29 inches pressure, weigh 50 grains, to find what 
would be the weight of 100 inches at 60° Fahrenheit, and— 
under 30 inches of the barometer, first correct the tempera- 
ture, which reduces the weight to 49 grains. Then, 

29: 30:: 49 : 50.7. | 
One hundred inches, therefore, would weigh 50.7 grains. 


Corrections for Moisture in Gases. 


Another correction, which it is often necessary to make in 
taking the weight of gases, is for the quantity of aqueous va- 
pour diffused through them. It is obvious that all gases, 
which are specifically heavier than aqueous vapour, must have 
their specific gravity diminished by admixture with steam; 
and, on the contrary, all gases that are specifically lighter than 
steam must have their specific gravity increased by that ad- 
‘mixture. For the following formule, I am indebted to Mr. 
Dalton, who has obligingly stated them at my request. 

*‘ At ordinary temperatures, the tension or elasticity of 
aqueous vapour varies from +1, to =}, of the whole atmo- 
spheric pressure; in the present case, it is supposed to be a 
given quantity. ‘The specific gravity of pure steam compared 
with that of common air, under like circumstances of tem- 
perature and pressure, is, according to Gay Lussac, as 0°620 
to l. ie 

Let a = weight.of 100 cubic inches of dry common air, at 
the pressure. 30 inches and temperature 60° Fahr.;.@ = any 
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variable pressure of atmospheric air; and f = pressure or ten- 
sion of vapour in any moist gas. Then the following formule 
will be found useful in calculating the volumes, weights, and 
specific gravities of dry and moist gases; putting M for the 
volume of moist gas; D for that of dry gas; and V for that 
of vapour, all of the same pressure and temperature. 


1. M=D+4+V. 
2, 2—! M = D. 


If we wish to infer the specific gravity of any dry gas from 
the observed specific gravity or weight of the same mixed with 
vapour, it will be convenient to expound p by that particular 
value which corresponds with a, namely 30 inches of mercury ; 
and let s = the specific gravity of the dry gas, and w = the 
observed weight of 100 cubic inches of the moist gas. 

Then we shall have the following, viz. : 


5. eS sat x 6200=w. 
P 


30 Jf 
re ao (vw —+x 6204, ) 
30—fa P 


Exemplifications. 
1. 98 vol. dry air + 2 vol. vapour = 100 vol. of moist air. 
2. Given p = 30, f = .5,and M = 100. 
Then a M = JD, the dry air, = 981. 


3. And  M = V, the vapour, = 12. 


4, Given 'D = 100, p = 30, f= 4. 
30 x 100 

Then 35 
Given V* = 2, p = 80, f.= .8. 


30 x2 
Then z = 200, the moist air. 


= 101.35, the moist air. 


* Tt is easy to see that V, inthis and the other cases, mostly will de- 
note a virtual volume only ; or such as would result, if the vapour were 
condensible like a gas, without being convertible into a liquid. 
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So Peppy s 1 1a S0-5; p = 29.5, 


0O—.5 a . 
Then >" 1.111 x 80.5-+ sy5 x .62 x 30.5= 33.64=w, which 


gives the specific gravity 1.103. 
6. Let f, a, and pas above, and w = 2.5, corresponding to 
sp. gr. 0.8197. 
30 


— 5 a Cg 
Then s = see ca3( 25 — soe X 62 x 30.5) = .07266. 


The above formule apply equally well if V be a permanent 
gas, or any other vapour beside that of water, the specific 
gravity of the gas or vapour being substituted instead of .620 
that of steam.” 
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CHAPTER II. 


OF CHEMICAL AFFINITY. 


Aut bodies, composing the material system of the universe, 
have a mutual tendency to approach each other, whatsoever 
may be the distances at which they are placed. ‘The opera- 
tion of this force extends to the remotest parts of the planetary 
system, and is one of the causes that preserve the regularity 
of their orbits. The smaller bodies, also, that are under our 
more immediate observation, are influenced by the same 
power, and fall to the Earth’s surface, when not prevented 
by the interference of other forces. From these facts, the 
existence of a property has been inferred, which has been 
called attraction, or more specifically, the attraction of gravita- 
gion. Its nature is entirely unknown to us; but some of its 
laws have been investigated, and successfully applied to the 
explanation of phenomena. Of these, the most important are, 
that the force of gravity acts on bodies directly in proportion 
to the quantity of matter in each ; and that it decreases in the 
reciprocal proportion of the squares of the distances. 

From viewing bodies in the aggregate, we may next pro- 
ceed to contemplate them as composed of minute particles. 
Of the nature of these particles, we have no satisfactory evi- 
dence. It is probable that they consist of solids, which are 
incapable of mechanical division, but are still possessed of the 
dimensions of length, breadth, and thickness. In simple 
bodies, the particles must be all of the same nature, or homo- 
geneous. In compound bodies, we are to understand, by the 
term particles, the smallest parts into which bodies can be 
resolved without decomposition. The word atom has of late 
been revived, to denote both these kinds of particles; and we 
may, therefore, speak with propriety of simple atoms and of 
compound atoms. When two atoms of different kinds unite to 
form a third or compound atom, we may term the two first 
component atoms; and if these have not been decomposed, 
they may be called elementary or primary atoms. 
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The atoms or particles of bodies are also influenced by the 
force of attraction, but not unless when placed in apparent 
contact. Hence a distinction has been made between gravita- 
tion, and that kind of attraction which is effective only at 
insensible distances. The latter has been called contiguous 
attraction or affinity ; and it has been distinguished, as it is 
exerted between particles of matter of the same kind, or be- 
tween particles of a different kind. 

By the affinity of aggregation, the cohesive affinity, or, more 
simply cohesion, is to be understood that force or power, by 
which particles or atoms of matter of the same kind attract each 
other, the only effect of this affinity being an ageregate or 
mass. Thus a lump of copper may be considered as composed 
of an infinite number of minute particles or integrant parts, 
each of which has precisely the same properties, as those that 
belong to the whole mass. ‘These are united by the force of 
cohesion. But if the copper be combined with another metal 
(such as zinc), we obtain a compound (brass), the constituent 
parts of which, copper and -zinc, are combined by the power 
of chemical affinity. In simple bodies, therefore,’cohesion is 
the only force exerted between their particles. But in com- 
pound bodies, we may distinguish the force, with which the 
primary or component atoms are united, from that which the com- 
pound atoms exert towards each other; the former being united 


by chemical affinity, and the latter by the cohesive attrac- 
tion. 


—=f_———— 
SECTION I. 
Of Cohesion, Solution, and Crystallization. 


Tue cohesive affinity is a property, which is common to a 
great variety of bodies. It is most strongly exerted in solids ; 
and in these it is proportionate to the mechanical force re- 
quired for effecting their disunion. In liquids, it acts with 
considerably less energy ; and in aériform bodies we have no 
evidence that it exists at all; for their particles, as will after- 
wards be shown, are mutually repulsive, and, if not held to- 
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gether by pressure, would probably separate to immeasurable 
distances. The force of this attraction is not only different 
among different bodies, but in various states of the same 
body. Thus in the cohesion of certain metals (steel for in- 
stance), important changes are produced by the rate of cool- 
ing, by hammering, and by other mechanical operations. 
Water, also, in a solid state, has considerable cohesion, which 
is much diminished when it becomes liquid, and is entirely 
destroyed when it is changed into vapour. 

~The most important view, in which the chemist has to con- 
sider cohesion, is that of a force either counteracting or modi« 
fying chemical affinity; for the more strongly the particles of 
any body are united by this power, the less are they disposed 
to enter into combination with other bodies. In many cases, 
a very powerful affinity existing between two substances may 
be rendered wholly inefficient, by the strong cohesion of one 
or both of them. Hence it has been received as an axiom, 
that the affinity of composition 1s inversely proportionate to the . 
cohesive affinity. ‘To the language, however, in which this 
axiom is expressed, it has been justly objected, that it implies 
an accuracy of proportion between the forces of cohesion and 
of chemical affinity, which cannot be proved to exist; since 
all that can truly be affirmed is, in general terms, that the 
affinity of composition is less effective, as the attraction of 
cohesion is stronger. 

The cohesion of bodies may be overcome, Ist, by me- 
chanical operations, as by rasping, grinding, pulverising, and 
other modes of division, which are generally employed as pre- | 
liminary steps to chemical processes. In some instances, even 
a minuter division of bodies is necessary, than can be accoms 
plished by mechanical means; and recourse is then had to 
precipitation. Silica, for example, in the state of rock crystal, 
may be boiled for a long time in liquid potash, without any 
appearance Of chemical action. Jt may even be bruised to the 
finest powder, without being rendered sensibly soluble. But 
when first precipitated from a state of chemical solution, it is 
readily dissolved by that menstruum, and even by some acids. 

2dly. Cohesion may be counteracted by heat, applied so as 
to melt one or both of the bodies, if fusible; or to raise them 
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into vapour, if volatile. Lead and sulphur contract no union, 
till one or both of them is melted by heat. Arsenic and sul- 
phur are united most effectually, by bringing them into con- 
tact, when both are in a state of vapour. 

3dly. Cohesion may be counteracted by soludion ; and this 
is so general a condition of chemical union, that it - was 
formerly received as an axiom, that bodies do not act on each 
other, unless one or both are in a state of solution ; a principle, 
to which the progress of chemical science has since discovered 
many exceptions. - 

The term solution is applied to a very extensive class of phe- 
nomena. When a solid disappears in a liquid, if the com- 
pound exhibit perfect transparency, we have an example 
of solution. The expression is applied, both to the act of 
combination, and to the resu/é of the process. When common 
salt, such as is used in cookery, is agitated with water, it dis- 
appears; in other words, its solution takes place; and we also 
term the liquid which is obtained, a solution of salt in water. 
This is one of the simplest cases that can be adduced, of the 
efficiency of chemical affinity ; for solution is always the result 

of an affinity between the fluid and the solid which is acted 
upon, feeble it is true, vet sufficient in force to overcome the 
cohesion of the solid. This affinity continues to act, until, at 
length, a certain point is attained, where the affinity of the 
solid and fluid for each other is overbalanced by the cohesion 
of the solid, and the solution cannot be carried farther. ‘This 
point is called saturation, and the fluid obtained is termed a 
saturated solution. 

With respect to common salt, water acquires no increase 
of its solvent power by the application of heat. But there 
are various salts with which water may be saturated at the 
common temperature of the atmosphere, and will yet be 
capable of dissolving a still farther quantity by an increase of 
its temperature. When a solution, thus charged with an ad- 
ditional quantity of salt, is allowed to cool, the second portion 
of salt is deposited in a form resembling its original one. 

To recover a salt from its solution, if its solubility does not 
vary with the temperature of the solvent, as in the instance 
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of common salt, it is necessary to expel a portion of the fluid 
by heat. This constitutes the process of evaporation. If the 
evaporation be carried on very slowly, so that the particles of 
the solid may approach each other in the way best adapted to 
them, we obtaiy solid figures, of a regular shape, called crys- 
tals.. The crystallization of a solid may also take place from 
that state of fluidity which is produced by heat.. Thus several 
of the metals crystallize on cooling from a melted state; and 
some volatile bodies, as arsenic, assume, when condensed from 
the state of vapour, the shape of regular crystals. _ 

In the act of separating from the water in which they were 
dissolved, the crystals of almost all salts carry with them a 
quantity of water, which is essential to the regularity of their 
form, and cannot be expelled without reducing them to shape- 
less masses. It is termed their water of crystallization. Its 
proportion varies in different salts; in some it is extremely 
small; in others it constitutes the principal part of the salt, 
and is even so abundant, as to liquefy them on the applica- 
tion of heat, producing what is called the watery fusion. In 
every salt it exists, not in an uncertain but in a definite propor- 
tion, bearing in the same salt the same ratio to the solid saline 
matter, but differing for different salts. ‘The water of crys- 
tallization is retained also in different salts with very dif- 
ferent degrees of force. Some crystals, which lose their wa- 
tery ingredient by mere exposure to the atmosphere, are said 
to effloresce. Others, on the contrary, not only hold their water 
of crystallization very strongly, but even attract more; and, 
on exposure to the atmospher e, become liquid, or ihe 
The property itself is called deliquescence. 

When two salts are contained in the same solution, which 
vary in their degree of solubility, and which have no remark- 
able attraction for each other, they may be obtained separate. 
For by carefully reducing the quantity of the solvent by eva- 
poration, the salt whose particles have the greatest cohesion, 
will crystallize first. If both salts. are more soluble in hot 
than in cold water, the crystals will not appear till the liquid 
cools. But if one of them, like common salt, is equally solu- 
ble in hot. and in cold water, crystals will appear, even during 
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the act of evaporation. In this way we may completely sepa- 
rate nitre from common salt, the crystals of the latter being 
formed during evaporation ; while those of nitre do not appear 
till some time after the fluid has cooled. 

Salts, which are thus deposited in regular shapes, generally 
adhere to the surface of the vessel containing the solution, or 
to any substance, such as pieces of thread or of wood, intro- 
duced for the purpose of collecting them. But a still more 
effectual way of inducing crystallization is to immerse, in the 
solution, a crystal of the same kind with that which we expect 
to be formed. ‘The crystal, thus exposed, receives successive 
additions to its several surfaces, and preserves its form, with 
a considerable addition to its magnitude. This curious fact 
was originally noticed by Le Blanc, who has founded on it a 
method of obtaining large and perfect crystals. 

In some instance hae affinity of a salt for its solvent is so 
powerful, that it will not separate from it in the form of crys- 
tals; but will yet crystallize from another fluid, which is 
capable of dissolving it, and for which it has a weaker affinity. 
Potassa, for instance, cannot be made to crystallize from its 

watery solution, but will yet separate, in a dais form, from 
its solution in alcohol. 

Every solid, that is susceptible of crystallization, has a 
tendency to assume a peculiar shape. Thus common salt, 
when most perfectly crystallized, forms regular cubes; nitre 
has the shape of a six-sided prism; and alum that of an oc- 
tahedron. It has, indeed, been alleged, as an objection to the 
modern theory of crystallization, that minerals, differing essen- 
tially in their composition, have precisely the same primitive 
form. For example, the primitive form of carbonate of lime, 
and of the compound carbonate of lime and magnesia, is, in 
both, a regular rhomboid, so nearly resembling each other, 
as to have been supposed to be precisely the same. In this 
case, however, Dr. Wollaston has shown, that though the 
figures are similar, yet their angles, on admeasurement by a 
nice instrument, differ very appreciably.* But other instances 
haye been since brought forward by M. Beudant, in which 


* Phil. Trans. 1812. -” 
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artificial salts, composed of dissimilar ingredients, have the 
same crystalline form; and Dr. Wollaston has satisfied himself 
of the accuracy of M. Beudant’s remark, that the mixed sul- 
phates of copper and iron, of zinc and iron, and of copper, 
zinc, and iron, assume forms, in which no difference has yet 
been discovered from that of simple sulphate of iron alone.* 
-He apprehends, indeed, that on minute investigation, some 
difference will be found, either in the angles or linear measures 
of those different salts; but till this has been established, the 
facts, as they stand, must be acknowledged to be exceptions 
to the principle, that identity of crystalline form is necessarily 
eonnected with identity of chemical composition. In the instances - 
which have been given, the perfect transparency of the crys- 
tals forbids our considering them as an intermixture of foreign 
matter grouped together by sulphate of iron; and this expla- 
nation is, also, irreconcileable with the fact, discovered by 
Dr. Wollaston, that a mixed solution of sulphates of zinc and 
copper, in certain proportions, affords crystals which, though 
containing no iron, still agree so nearly in form with those 
of sulphate of iron, that he could not undertake to point out 
any difference between them. 

It has been long known that the same solid admits of great 
varieties of crystalline figure, without any variation of its sighe- 
mical composition. Calcareous spar, for example, appears in 
six-sided prisms, in three or six-sided pyramids, and in many 
other shapes. These varieties are occasioned by accidental 
circumstances, which modify the operation of the force of 
cohesion. ‘The diversities of shape are, on first view, ex- 
tremely numerous; and yet, upon a careful examination and 
comparison, they are found to be reducible to a small number 
of simple figures, whighs for each individual species, is always 
the same. 

The attempt to trace all the observed forms of crystals to 
a few simple or primary ones, seems to have originated with 
Bergman +. In the instance of calcareous spar, this distin- 
guished chemist demonstrated that its numerous modifications 


* Thomson’s Annals, xi. 262, 283. xiii. 126, and Mitscherlich Ann. de 
Chim. et Phys. xiv. 172, 326. 
+ Bergman’s Essays, ii. 
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4may possibly result from one simple figure, the rhomb, by 
the accumulation of which, in various ways, crystals of the 
most opposite forms may be generated. This theory he ex- 
tended to crystals of every kind; and he accounted for the 
differences of their external figures, by varieties of their me- 
chanical elements or minute molecules. 

About the same period with Bergman, or immediately 
afterwards, M. Romé de Isle pursued still farther the theory 
of the structure of crystals. He reduced the study of crystal- 
lography to principles more exact, and more consistent with 
observation. He classed together, as much as he was able, 
crystals of the same nature. From among the different forms 
belonging to the same species, he selected, for the primitive 
form, one which appeared to him to be the most proper, on 
account of its simplicity. Supposing this to be truncated in 
different manners, he deduced the other forms, and established 
a certain gradation, or series of passages, from the primitive 
form to complicated figures, which on first view would scarcely 
appear to have any connexion with it. To the descriptions 
and figures of the primitive forms, he added the mechanical 
measurement of the principal angles, and showed that these 
angles are constantly the same in each variety. It must be 
acknowledged, however, that the primitive forms, assumed by 
this philosopher, were entirely imaginary, and not the result 
of any experimental analysis. His method was to frame an 
hypothesis; and then to examine its coincidence with actual 
appearances. On his principles any form might have been 
the primitive one, and any other have been deduced from it. 

It was reserved for the sagacity of the Abbé Haily to unfold 
the true theory of the structure of crystals, and to support it 
both by experimental and mathematical evidence. By the 
mechanical division of a complicated crystal, he first obtains 
the simple form, and afterwards constructs, by the varied ac- 
cumulation of the primitive figure, according to mathematical 
synthesis, all the observed varieties of that species. 

Every crystal may be divided by means of proper instru- 
ments ; and, if split in certain directions, presents plane and 
smooth surfaces. If split in other directions, the fracture is 
rugged, is the mere effect of violence, and is not guided by 
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the natural joining of the crystal. This fact had been long 
known to jewellers and lapidaries; and an accidental obser- 
vation of it proved, to the Abbé Haiiy, the key of the whole 
theory of crystallization. By the skilful division of a six- 
sided prism of calcareous spar, he reduced it to a rhomb, pre- 
cisely resembling that which is known under the name of Ice- 
land crystal. Other forms of calcareous spar were subjected 
to the same operation; and, however different at the outset, 
finally agreed in yielding, as the last product, a rhomboidal 
solid. It was discovered also by Haiiy, that if we take a 
crystal of another kind (the cubic fluor spar for instance), the 
nucleus, obtained by its mechanical division, will have a dif- 
ferent figure, viz. an octahedron. Other crystallized bodies 
produce still different forms; which are not, however, very 
numerous. Those which have hitherto been discovered, are 
reducible to six;. the parallelopipedon, which includes the 
cube, the rhomb, Kad all the solids which are terminated by 
six faces, parallel two and two; the tetrahedron; the octahe- 
dron ; the regular hexahedral prism; the dodecahedron with 
equal and similar rhomboidal planes; and the dodecahedron 
with triangular planes. 

The solid of the primitive form, or nucleus of a crystal ob- 
tained by mechanical division, may be subdivided in a direc- 
tion parallel to its different faces. All the sections thus pro- — 
duced being similar, the resulting solids are precisely similar 
in shape to the nucleus, and differ from it only in size, which 
continues to decrease as the division is carried farther. ‘To 
this division, however, there must be a limit, beyond which 
we should come to particles so small, that they could no 
longer be divided. At this term, therefore, we must stop: and 
to these last particles, —". of an analysis of the primitive 
nucleus, and similar to it it in shape, Haiiy has given the name 
of the inlegrunt molecule. If the division of the nucleus can 
be carried on in other directions than parallel to its faces, the 
integral molecule may then have a figure different from that 
of the nucleus. The forms, however, of the integrant mole- 
cule, which have hitherto been discover ed, are oul three; the 
tetrahedron, the simplest of pyramids; the triangular prism, 
the simplest of prisms; and the parallelopipedon, including 
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the cube and rhomboid, the simplest of solids which have 
their faces parallel two and two, With respect to octahedral 
crystals, there is a difficulty, whether the octahedron, or 
tetrahedron, is to be adopted as the primitive form; and, 
whichsoever be chosen, since neither of them can fill space 
without leaving vacuities, it is not easy to conceive any ar- 
rangement, by which the particles will remain at rest. ‘To 
obviate this difficulty, Dr. Wollaston has suggested that, in 
such instances, the elementary particles may be perfect 
spheres; and by the dueapplication of spheres to each other, 
he has shown, that a variety of crystalline forms may be pro- 
duced ;* viz. the cctahedron, the tetrahedron, and the acute 
rhomboid. If other particles, having the same relative ar- 
rangement, be supposed to have the shape of oblate spheroids; 
the regular rhomboid will be the resulting figure; and if the 
spheroids be oblong instead of oblate, they rill generate prisms 
of three or six sidee. The cube, also, Dr. ‘Wollaston has 
shown, may be explained by the aggregation of spheroidical 
particles. 

A method of developing the structure of crystals, by a new 
process, which appears greatly superior to that of mechanical 
division, has been described by Mr. Daniel. It consists in 
exposing any moderately soluble salt to the slow and regu- 
lated action of a solvent. A shapeless mass of alum, for 
instance, weighing about 1500 grains, being immersed in 15 
ounce measures of water, and set by, in a quiet place, for 
a period of three or four weeks, will be found to have 
been more dissolved toward the upper than the lower part, 
and to have assumed a pyramidal form. On further exami- 
nation, the lower end of the mass will present the form of 
octahedrons and sections of octahedrons, in high relief and 
of various dimensions. They will™be most distinct at its 
lower extremity, becoming less so as s they ascend. ‘This new 
process of dissection admits of extensive application. Borax 
in the course of six weeks, exhibits eight sided prisms with 
various terminations; and other salts may be made to unfold 
their external structure by the slow agency of water. Car- 


* Phil. Trans. 1813, p. 51. + Jour. of Science and the Arts, i. 24. 
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bonate of lime, carbonate of strontites, and carbonate of 
barytes, give also distinct results, when acted upon by weak 
acids; and even amorphous masses of those metals, which 
have a tendency to assume a crystalline form, such as bismuth,. 
antimony, and nickel, when exposed to very dilute nitric acid, 
presented at the end of a few days distinct crystalline forms. 
Large crystals of sulphuret of antimony, Mr. Faraday has 
also found, admirably illustrate Mr. Daniel’s mode of display- 
ing crystalline texture. When such a crystal is introduced 
into a portion of fused sulphuret, it begins to melt down, but 
not uniformly, for crystals are left more than half an inch long 
projecting from it.* The results of these experiments, when 
minutely traced and investigated, afford strong confirmation 
to the theory, that the He oidical is the true form of the ulti- 
mate particles of crystallized bodies. ; 

The primitive form, and that of the integral molecule hay- 
ing been experimentally determined by the dissection of a 
crystal, the next step is to discover the law, according to which 
these molecules are arranged, in order to produce, by their 
accumulation around the primitive figure, the great variety of 
secondary forms. What is most important in the discoveries: 
of Haty, and what constitutes in fact the essence of his theory, 
is the determination of these laws, and the precise measure- 
ment of their action. He has shown that all the parts of a 
secondary crystal, superadded to the primitive nucleus, con- 
sist of lamine, which decrease gradually by the subtraction 
of one or more layers of integrant molecules; so that theory 
is capable of determining the number of these ranges, and, 
by a necessary consequence, the exact form of the seeud any 
crystal. 

By the developement of these laws of decrement, Haiiy 
has shown how, from variations of the arrangement of the 
integrant molecules, a great variety of secondary figures may 
be produced. Their explanation, however, would involve. a 
minuteness of detail, altogether unsuitable to the purpose of 
this work: and I refer, therefore, for a very perspicuous state~ 
ment of them, to the first and ninth volumes of the: Philoso= 
phical Magazine. 


* Jour. of Science and the Arts, xi. 202. 
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A popular view of the subject of crystallography may be 
found also in Mr. Larkin’s * Introduction to Solid Geome- 
try,” London, 1820; and models of crystals, very neatly and 
accurately cut in wood, may be procured from the author of 
that work, which will essentially facilitate the student’s pro- 
gress. ‘The use of the goniometer is quite necessary to the 
accurate determination and description of the forms of crystals. 
When great precision is not required, and the crystal is of 
considerable size, the common goniometer will sufficiently an- 
swer the purpose; but to obtain very correct admeasurements, 
the reflecting goniometer of Dr. Wollaston is alone worthy of 
dependence. Both these instruments are described, and per- 
spicuous directions given for their use, in a very useful little 
volume published by Mr. William Phillips, under the title of 
** An Elementary Introduction to the Knowledge of Mi- 
neralogy,” and also in the first volume of “ Conversations of 
Mineralogy,’ where distinct and excellent engravings are 
given of both instruments. ' 


— 
SECTION II. 


Of Chemical Affinity, and the General Phenomena of Chemicak 
. Action. | 


Cuemicat affinity, like the cohesive attraction, is effective 
only at insensible distances: but it is distinguished from the 
latter force, in being exerted between the particles or atoms of 
bodies of different kinds. The result of its action is not @ 
mere aggregate, having the same properties as the separate 
parts, and differing only by its greater quantity or mass, but 
a new compound, in which the properties of the components 
have either entirely or partly disappeared, and in which new 
qualities are also apparent. The combinations effected by 
chemical affinity are permanent, and are destroyed only by the 
interference of a more powerful force, either of the same or of 
a different kind. | 

As a general exemplification of chemical action, we may 
examine that ‘which takes place between potash and sulphuric 
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acid. In their separate state, each of these bodies is distin- 
guished by striking peculiarities of taste, and by other quali- 
ties. The alkali, on being added to blue vegetable infusions, 
changes their colour to green; and the acid turns them red. 
But if we add the one substance to the other, very cautiously 
and in small quantities, examining the effect of each addition, 
we shall at length attain a certain point, at which the liquid 
‘will possess neither acid nor alkaline qualities; the taste will 
be converted into a bitter one; and the mixture will produce 
no effect on blue vegetable colours. Here then, the qualities 
of the constituent parts, or at least some of their most im- 
portant ones, are destroyed by combination. When opposing 
properties thus disappear, the bodies combined have been 
said to saturate each other; and the precise term, at which 
this takes place, has been called the point of saturation. It is 
-advisable, however, to restrict this expression to weaker com- 
binations, where there is no remarkable alteration of qualities, 
as In cases of solution; and to apply to those results of more 
energetic affinities, which are attended with loss of proper ee 
the term neutralization. 

At the same time that the properties of bodies disappear on 
combination, other new qualities, both sensible and chemical, 
are acquired; and the affinities of the components for other 
substances become in some cases increased, in others dimi- 
nished in energy. Sulphur, for example, is destitute of taste, 
smell, or action on vegetable colours; and oxygen gas is, in 
these respects, equally apthicieis: But the compound of sul- 
phur and oxygen is intensely acid; the minutest portion in-' 
stantly reddens blue vegetable infusions; and the acid is dis- 
posed to enter into combination with a variety of bodies, for 
which its components evinced no affinity. Facts of this kind 
sufficiently refute the opinion of the older chemists, that the 
properties of compounds are intermediate between those of their 
' component parts; for, in instances like the foregoing, the 
compound has qualities, not a vestige of which can be traced 
to either of its elements. 

It is not, however, in all cases, that the change of properties 
is so distinct and appreciable by the senses, as in the instances 
which have been just now described. In some examples of | 
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chemical union, the change is scarcely perceptible to the eye 
or the taste, when the chemist is nevertheless certain that com- 
bination must have taken place. This occurs chiefly in the 
mixture of saline solutions with each other, where a complete 
exchange of principles ensues, without any evident change of 
properties. Examples of this kind, cannot, however, be un- 
derstood, till the subject of complex affinity has been first elu- 
cidated. 

The existence of chemical affinity between any two bodies 
is inferred, therefore, from their entering into chemical com- 
bination; and that this has happened, a change of properties 
may be considered as a sufficient proof, even though the 
change may not be very obvious, and may require accurate 
examination to be perceived at all. 

The proof, which establishes the nature of chemical com- 
pounds, is of two kinds, synthesis and analysis. Synthesis 
consists in effecting the chemical union of two or more bodies ; 
and analysis in separating them from each other, and exhibit- 
ing them ina separate state. When we have a compound of 
two or more ingredients, which are themselves compounded 
also, the separation of the compounds from each other may 
be called the proximate analysis of the body; and the farther 
separation of these compounds into their most simple prin- 
ciples, its wléimate analysis. Thus the proximate analysis of 
sulphate of potash consists in resolving it into potash and sul- 
phuric acid; and its ultimate analysis is effected by decom- 
posing the potash into potassium and oxygen, and the sul- 
phuric acid into oxygen and sulphur. 

When the analysis of any substance has been carried as far 
as possible, we arrive at its most simple principles, or elements, 
by which expression we are to understand, not a body that is 
incapable of further decomposition, but only one which has 
not yet been decomposed. The progress of chemical science, 
for several centuries past, has consisted in carrying still farther 
_ the analysis of bodies, and in proving those to be compound- 
ed, which had before been considered as elementary. 

Beside the alteration of properties, which usually accom- 
panies chemical action, there are certain other phenomenay 
which are generally observed to attend it. 
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ist. In almost every instance of chemical union, the spe- 
cific gravity of the compound is greater than might have been 
inferred from that of its components; and this is true both 
of weaker and more energetic combinations, When equal 
weights of water and sulphuric acid are made to combine, the 
specific gravity of the resulting liquid is not the mean, but 
considerably greater than the mean. The law extends also 
to solids. But though general, it is not universal; for in a 
very few instances, chiefly of aériform fluids, condensation 
does not attend chemical union. And in the combination of 
metals with each other the reverse even takes place, the com~ 
pound being, in some cases, specifically lighter than might 
have been supoetenh from the specific gravity of its elevate 
and their proportion to each other. 

2dly. When bodies combine chemically, it may be received 
as a general fact, that their temperature changes. Equal 
weights of oil of vitriol and water, both at the temperature of 
50° of Fahr. are heated, by sudden mixture, to considerably 
above 212°. In other examples, a contrary effect takes place, 
and a diminished temperature, or, in other words, a produc- 
tion of cold, is observed. ‘This is all that it is at present ne- 
essary to state on the subject, which will be more fully con- 
sidered when we come to treat of caloric. 

3dly. The forms of bodies are often materially changed by 
chemical combination. ‘Two solids may, by their union, be- 
come fluid; or two fluids may become solid. Solids are also - 
often changed into aeriform fluids; and, in many instances, 
the union of two airs, or gases, is attended with their sudden 
conversion into the solid state. By long exposure of quick- 
silver to a moderate heat, we change it from a brilliant liquid 
into a reddish scaly solid; and by heating this solid in a re- 
tort, we obtain an aériform fluid, or gas, in considerable 
quantity, and recover the quicksilver in its original form. 

4thly.. Change of colour is a frequent, but not universal 
concomitant of chemical action. In some cases, brilliant co- 
lours are destroyed, as when chlorine is made to act on solu- 
tion of indigo. In other instances, two substances, which are 
nearly colourless, form, by their union, a compound distin- 
guished by beauty of colour, as when liquid potash is added 


SECT. LI. CHEMICAL AFFINITY, &c. 43 


to very dilute syrup of violets. Certain colours appear also 
to belong essentially to chemical compounds, and to be cha- 
racteristic of them. Thus 100 parts of quicksilver, and 4 of 
oxygen, invariably give a black compound; and the same 
quantity, with § parts of oxygen, a red compound. 


— 


SECTION III. 


Of the Proportions in which bodies combine ; and of the Atomic 
Theory. 


In the chemical combination of bodies with each other, a 

few leading circumstances deserve to be remarked. 
1st. Some bodies unite in all proportions; for example, 
water and sulphuric acid, or water and alcohol. 

Qdly. Other bodies combine in all proportions, as far as 
a certain point, beyond which combination no longer takes 
place. ‘Thus water will take up successive portions of com- 
mon. salt, until at length it becomes incapable of dissolving 
any more. In cases of this sort, as well as in those included 
under the first head, combination is weak and easily destroyed, 
and the qualities which belonged to the components in their. 
separate state continue to be apparent in the compound. 

3dly. There are many examples in which bodies unite in 
one proportion only; and in all such cases the proportion of 
the elements of a compound must be uniform for the species. 
Thus hydrogen and oxygen unite in no other proportions, 
than those constituting water, which, by weight, are very 
nearly 11+ of the former to 88+. of the latter, or1 to 74. In 
cases of this sort, the combination is generally energetic; and 
the characteristic qualities of the components are no longer 
observable in the compound. : 

‘4thly. Other bodies unite in several proportions: but these 
proportions are definite, and, in the intermediate ones, no 
combination ensues. Thus 100 parts by weight of charcoal 
combine with 1324 of oxygen, or with 265, but with no inter- 
mediate quantity; 100 parts of manganese combine with 14 
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of oxygen, or with 28, or with 42, or with 56, and with those 
pr oportions only. 

Now it is remarkable, that when one body enters into com- 
bination with another, in several different proportions, the 
numbers indicating the greater proportions are exact simple 
multiples of that denoting the smallest proportion. In other 
words, ifthe smallest proportion in which. B combines with A, 
be denoted by 10, A may combine with twice 10 of B, or 
with three times 10, and so on; but with no intermediate 
quantities. There cannot be a more striking instance of this 
law than that above mentioned, of the compounds of manga- 
~ nese with oxygen; in which the oxygen of the tiree last com- 
pounds may be observed to be a multiplication of that of the 
first (14) by the numbers 2, 3, and 4. Examples, indeed, of 
this kind have, of late, so much increased in number, that the 
law of simple multiples bids fair to become universal, with re- 
spect at least to chemical compounds, the proportions of which 
are definite. - 

Facts of this kind are not only important in themselves, 
but also on account of the generalizations that have been de- 
duced from them; for on them Mr. Dalton has founded what 
may be termed the Atomic Theory of the chemical Constitution 
of Bodies. Till this theory was proposed, we had no adequate 
explanation of the uniformity of the proportions of chemical 
compounds; or of the nature of the cause which renders com- 
bination, in other proportions, impossible. In this place I 
shall offer only a brief illustration of the theory; for in the 
course of the work I shall have occasion to apply it to the ex~ 
planation of a variety of phenomena. 

Though we appear, when we effect the chemical union of 
bodies, to operate on masses, yet it is consistent with the most 
rational view of the constitution of bodies to believe, that it 
is only between their ultimate particles, or atoms, that combi- 
nation takes place. By the term atoms, it has been already 
stated, we are to understand the smallest parts of which bodies 
are composed... An atom, therefore, must be mechanically 
indivisible, and of course a fraction of an atom cannot exist, 
and is a contradiction in terms. Whether the atoms of dif- 
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rent bodies be of the same size, or of different sizes, we have 
no sufficient evidence. The probability is, that the atoms of 
different bodies are of unequal sizes; but it cannot be deter- 
_ mined whether their sizes bear any regular proportion to their 
relative weights. We are equally ignorant of their shape; but 
it is probable, though not essential to the theory, that they are 
spherical. This, however, requires a little qualification. The 
atoms of all bodies probably consist of a solid corpuscle, form- 
ing a nucleus, and of an atmosphere of heat, by which that 
corpuscle is surrounded; for absolute contact is never sup- 
posed to take place between the atoms of bodies. ‘The figure 
of a simple atom may readily, therefore, be conceived to be 
spherical. But in compound atoms. consisting of a single 
central atom, surrounded by other atoms of a different kind, 
it is obvious that the figure (contemplating the solid cor- 
puscles only) cannot be spherical; yet if we include the at- 
mosphere of heat, the figure of a compound atom may be 
spherical, or some shape approaching to a sphere. 

Taking for granted that combination takes place between 
the atoms of bodies only, Mr. Dalton has deduced, from the 
relative weights in which bodies unite, the relative weights of 
their ultimate particles, or atoms. When only one combi- 
nation of any two elementary bodies exists, he assumes, un- 
less the contrary can be proved, that its elements are united 
atom to atom singly. Combinations of this sort he calls binary. 
But if several compounds can be obtained from the same ele- 
ments, they combine, he supposes, in proportions expressed 
by some simple multiple of the number of atoms. The fol- 


lowing table exhibits a view of some of these combinations: 


latom of A + 1 atom of B = 1 atom of C, binary. 

lh atom of A + 2 atoms of B = | atom of D, ternary. 

2 atoms of A + 1 atom of B = 1 atom of EK, ternary. 

1 atom of A + 3 atoms of B = 1 atom of F, quaternary. 
3 atoms of A + 1 atom of B = 1 atom of G, quaternary. 


A different classification of atoms has been proposed by 
Berzelius, viz. into, Istly, elementary atoms; 2dly, compound 
atoms. The compound atoms he divides again into three 
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different species, namely, 1st, atoms formed of only two ele- 
mentary substances united, or compound atoms of the first or- 
der: 2dly, atoms composed of more than two elementary sub- 
stances; and these, as they are only found in organic bodies, 
or bodies obtained by the destruction of organic matter, he 
calls organic atoms: 3dly, atoms formed by the union of two 
or more compound atoms; as for example, the salts. These 
he calls compound atoms of the second order. 

If elementary atoms of different kinds were of the same 
size, the greatest number of the atoms of A that could be 
combined with an atom of B would be 12; for this is the 
greatest number of spherical bodies that can be arranged in 
contact with a sphere of the same diameter. But this equality 
of size, though adopted by Berzelius, is not necessary to the 
hypothesis of Mr. Dalton; and is, indeed, supposed by him 
not to exist. , 

As an illustration of the mode in which the weight of the 
atoms of bodies is determined, let us suppose that any two 
elementary substances, A and B, form a binary compound; 
and that they have been proved experimentally to unite in the 
proportion, by weight, of 5 of the former to 4 of the latter; 
then, since, according to the hypothesis, they unite particle 
to particle, those numbers will express the relative weights of 
their atoms. But besides combining atom to atom ‘singly, 
1 atom of A may combine with 2 of B, or with 3,4, &c. Or 
1 atom of B may unite with 2 of A, or with 3, 4, &c. When 
such a series of compounds exists, the relative proportion of 
their elements ought necessarily, on analysis, to be proved to be 
Sof A to4of B; or 6 to (4+ 4=)8; or 5to(4 +4+4=) 
12, &c.; or, contrariwise, 4 of Bto 5 of A; or 4 to (5 + 5=) 
10; or 4to(5 + 5+5=) 15. Between these there ought ~ 
to be no intermediate compounds: and the existence of any 
such (as 5 of A to 6 of B, or 4 of B to 74 of A) would, if 
clearly established, militate against the hypothesis. 

To verify these numbers, it may be proper to examine the 
combinations of A and B with some third substance, for ex- 
ample with C. Let us suppose that A and C form a binary 
compound, in which analysis discovers 5 parts of A and 8 of C. 
Then, if C and B are, also, capable of forming a binary:com- 
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pound, the relative proportion of its elements ought to be 4 of 
B to 3 of C; for these numbers denote the relative weights of 
their atoms. Now this is precisely the method, by which 
Mr. Dalton has deduced the relative weights of oxygen, hy- 
drogen, and nitrogen; the two first from the known compo- 
sition of water, and the two last from the proportion of the 
elements of ammonia. Extending the comparison to a va- 
riety of other bodies, he has obtained a scale of the relative 
weights of their atoms. 

In several instances, additional evidence is acquired of the 
accuracy of the weight, assigned to an element, by our ob- 
taining the same number from the investigation of several of 
its compounds. For example: 


1. In water, the hydrogen is to the oxygen as 1 to 8. 
2. Inolefiant gas, the hydrogen is to the carbon as 1 to 6. 
8. In carbonic oxide the oxygen is to the carbon as 8 to 6. 


Whether, therefore, we determine the weight of the atom 
of carbon, from the proportion in which it combines with 
hydrogen, or with oxygen, we arrive at the same number 6; 
an agreement which, as it occurs in various other instances, 
can scarcely be an accidental coincidence. In a similar man- 
ner, 8 is deducible, as representing the atom of oxygen, both 
from the combination of that base with hydrogen and with 
carbon; and 1 is inferred to be the relative weight of the. 
atom of hydrogen from the two principal compounds into 
which it enters. Re 

In selecting the body, sibioh: should be assumed as unity, 
Mr. Dalton has been induced to fix on hydrogen, because it 
is that body which unites with others in the smallest propor- 
tion. Thus, in water, we have 1 of hydrogen by weight to 
8 of oxygen; in ammonia, 1 of hydrogen to 14 of nitrogen; 
in carbureted hydrogen, 1 of hydrogen to 6 of carbon; and 
in sulphureted hydrogen, 1 of hydrogen to 16 of sulphur. 
Taking for granted that all these bodies are binary compounds, 
we have the following scale of numbers, expressive of the re- 
lative weights of the atoms of their elements : 
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Hydrogeriiaes £2: MAOH EPILINNCE 
Oxp RON: A OIIGR CERIO. PR, OB 
NitrORen ‘A6e2, hs3h TI PPP NE 
Carbo PEPE OI BG 
Salplgert vp es OA UAT AU HO 


Drs. Wollaston and Thomson, and Professor Berzelius, on 
the other hand, have assumed oxygen as the decimal unit, 
(the first making it 10, the second 1, and the third 100,) 
chiefly with a view to facilitate the estimation of its numerous 
compounds with other bodies. This, perhaps, is to be re- 
gretted, even though the change may be in some respects 
eligible, because it is extremely desirable that chemical writers 
should employ an universal standard of comparison for the 
weights of the atoms of bodies. It is easy, however, to reduce 
their numbers to Mr. Dalton’s by the rule of proportion. ‘Thus 
as 8 (Mr. Dalton’s number for oxygen, corrected by the latest ex- 
periments) is to 1 (hisnumber for hydrogen), so is10 (Dr. Wol- 
laston’s number for oxygen) to 1.25 the number for hydrogen. 

Sir H. Davy has assumed, with Mr. Dalton, the atom of 
hydrogen as ui ; but that philosopher, and Berzelius also, 
have modified the theory, by taking for granted that waier is 
a compound of one proportion (atom) of oxygen, and two pro- 
portions (atoms) of hydrogen. ‘This is founded on the fact, 
that two measures of hydrogen gas and one of oxygen gas, 
are necessary to form water; and on the supposition, that 
equal measures of different gases contain equal numbers of 
atoms. And as, in water, the hydrogen is to the oxygen by 
weight as 1 to 8, two atoms or volumes of hydrogen must, on 
this hypothesis, weigh 1, and one atom or volume of oxygen 8, 
or if we denote a single atom of hydrogen by 1, we must ex- 
press an atom of oxygen by 16. It is objectionable, however, 
to this modification of the atomic theory, that it contradicts a 
fundamental proposition of Mr. Dalton, the consistency of 
which with mechanical principles he has fully shown; namely, 
that that compound of any two elements, which is with most 
difficulty decomposed, must be presumed, unless the contrary 
can be proved, to be a binary one. 


SECT. III. CHEMICAL AFFINITY, &c. 49 


It is easy to determine, in the manner already explained, the 
relative weights of the atoms of two elementary bedies, which 
unite only in one proportion. But when one body unites, in 
different proportions, with another, it is necessary, in order to 
ascertain the weight of its atom, that we should know the 
smallest proportion in which the former combines with the 
latter. Thus, if we have a body A, 100 parts of which by 
weight combine with not less than 32 of oxygen, the relative 
weight of its atom will be to that of oxygen as 100 to 32; or, 
reducing these numbers to their lowest terms, as 25 to 8; and 
the number 25 will, therefore, express the relative weight of 
the atom of A. But if, in the progress of science, it should be 
found, that 100 parts of Aare capable of uniting with 16 parts 
of oxygen, then the relative weight of the atom of A must be 
doubled, for as 100 is to16, so is 50 to 8. This example will 
serve to explain the changes, that have been sometimes made, 
in assigning the weights of the atoms of certain bodies ; 
changes, which, it may be observed, always consist either in a 
multiplication, or division, of the original weight, by some 
~ simple number. e 

There are (it must be acknowledged) a few cases, in which 
one body combines with another in different proportions; and 
yet the greater proportions are not multiples of the less, by 
any entire number. For example, we have two oxides of iron, 
the first of which consists of 100 iron and about 30 oxygen ; 
the second of 100 iron and about 45 oxygen. But the num- . 
bers 30 and 45 are to each other as1to1+. It will, however, 
render these numbers (1 and 1+) consistent with the law of 
simple multiples, if we multiply each of them by 2, which 
will change them to 2 and 3; and if we suppose that there is 
an oxide of iron (though it has not yet been obtained experi- 
mentally), consisting of 100 iron and 15 oxygen; for the mul- 
tiplication of this last number by 2 and 8, will then give us 
the known oxides of iron. 

In some cases, where we have the apparent anomaly of 1 
atom of one substance, united with 1+ of another, it has been 
proposed, by Dr. Thomson,* to remove the difficulty, by 
multiplying both numbers by 2; and by assuming that, in 
such compounds, we have 2 atoms of the one combined with 


* Thomson's Annals, y. 187. 
VOL. I. E 
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3 atoms of the other. Sucli combinations, it is true, are ex~ 
ceptions to a law deduced by Berzelius; that, in all inorganic 
compounds, one of the constituents 1s in the state of a single 
atom. But they are in no respect inconsistent with the views 
of Mr. Dalton; and are, indeed, expressly admitted by him 
to be compatible with this hypothesis, as well as confirmed 
by experience.* Thus it will appear, in’ the sequel, that 
some of the compounds of nitrogen with oxygen are consti- 
tuted in this way. 
Several objections have been proposed to the theory of Mr. 
Dalton; but, of these, I shall notice only the most important. 
1. It has been contended, that we have no evidence, when 
one combination only of two elements exists, that it must be 
a binary one; and that we might equally well suppose it to be 
a compound of two atoms of the one body, with one atom of 
the other. In answer'to' this objection, we may urge the pro- 
bability that when’ two elementary bodies A and B unite, the 
most energetic combination will be that.in which one atom of 
A is combined with one atom of B; for an additional atom of 
B will introduce a new force, diminishing the attraction of 
those elements for each other, namely, the mutual repulsion 
of the atoms of B; and this repulsion will be the greater, in 
proportion as we increase the number of the atoms of B. 
2dly. It has been said, that, when more than one compound 
_of two elements exist, we have no proof which of them is the 
binary compound, and which the ternary; for example, that 
we might suppose carbonic acid to be a compound of an atom 
of charcoal and an atom of oxygen, and carbonic oxide to be 
a compound of an atom of oxygen with two atoms of charcoal. 
To’ this objection, however, it is a satisfactory auswer, that 
such a constitution of carbonic acid and carbonic oxide would 
be directly contradictory of a law of chemical combination, 
namely, that it is attended, in most cases, with an increase of 
specific gravity. It would be absurd, therefore, to suppose 
carbonic acid, which is the heavier body, to be only once com- 
pounded, and carbonic oxide, which is the lighter, to be twice 
compounded. Moreover, it is universally observed, that of 
chemical ‘compounds, the most simple are the most difficult to 
be decomposed; and this being the case with carbenic oxide, 


* Thomson’s Annals, 1i1. 174. 
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we may naturally suppose it to be more simple than carbonic 
acid. 

3dly. It has been remarked, that instead of supposing wa- 
ter to consist of an atom of oxygen united with an atom of 
hydrogen, and that the atom of the former is 74 times heavier 
than that of the latter, we might, with equal probability, con- 
clude that, in water, we have 7+ times more atoms 2m number 
of oxygen than of hydrogen. But this, if admitted, would 
involve the absurdity, that in a mixture of hydrogen and 
oxygen gases, so contrived that the ultimate atoms of each 
should be in equal number, seven atoms of oxygen should 
desert all the proximate atoms of hydrogen, in order to unite 
with one at a distance, for which they must necessarily have a 
less affinity. In this case, a less force must overcome a greater + 
and, finally, only a small number of the atoms of hydrogen 
would be engaged by the atoms of oxygen, the rest remaining 
in a state of freedom. 

It would be claiming too much, however, for the theory 
of Mr. Dalton to assert that, in its present state, it is 
to be considered as fully established in all its details. In 
a variety of cases, as will appear in the progress of this 
work, we stand in need of analyses sufficiently exact to 
enable us to assign, with any confidence, the relative weights 
in which bodies combine. It is probable also, that many 
of these, now considered as well determined, will here- 
after be essentially changed. The instances, in which the 
theory agrees with the results of analysis, are already too 
numerous to allow them to be considered as accidental coin- 
cidences; and no phenomena have hitherto been shown to be 
irreconcileable with the hypothesis. Its value and impor- 
tance, if confirmed by the accession of new facts, will be 
scarcely less felt as a guide to further investigations into the 
constitution of bodies, than as a test of the accuracy of our pre- 
sent knowledge; and the universality of its application to che- 
mica] phenomena will be scarcely inferior to that of the law 
of gravitation in explaining the facts of natural philosophy.* 

* A perspicuous and able statement of the atomic theory, published by 
Mr. Ewart, in the sixth volume of Thomson’s Annals, deserves the reader’s 
perusal. Seealso Dr. M‘Nevin’s paper on the Atomic Theory, xvi. 195—289 . 

EZ 
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A modification of the law of definite proportions, so far as 
respects aeriform bodies, has been proposed by Gay Lussac, 
namely, that they combine in proportions determinable not 
by weight but by volume, the ratios being 1 measure of A to 
1 of B, or 1 to 2, or 1 to 3, &c. Water, for example, re- 
sults from the union of 2 volumes of hydrogen with 1 volume 
of oxygen; muriate of ammonia from 1 volume of muriatie 
acid gas + 1 of ammonia; nitrous gas from 1 measure of 
oxygen + 1 of nitrogen; nitrous oxide from 1 oxygen + 2 ni- 
trogen; nitrous acid from 2 oxygen + 1 nitrogen. In some 
instances, as in that of water, this Jaw is not inconsistent with 
the atomic theory ; but in other instances it cannot be recon- 
ciled with the relative weights assigned to the atoms of certain 
elementary bodies. In nitrous gas, for example, which Mr. | 
Dalton conceives to be formed by the union of 1 atom of 
oxygen with 1 atom of nitrogen, equal volumes of those gases 
would give for the relative weights of oxygen and nitrogen, 
eons differing widely from Die derived by other methods. 
The two hiseittaard of atoms and of volumes cannot, therefore, 
both be true; and from some well ascertained exceptions to 
the latter, it appears to me that the theory of volumes will 
scarcely be found tenable. 

Before dismissing the consideration of the proportions in 
which bodies combine, it will be proper to notice a few gene- 
ral principles, which, though they are connected with the 
atomic theory, have been derived from experience. 

1. When we have ascertained the proportion in which any 
two or more bodies A B C, &c. of one class neutralize another 
body X of a different class, it will be found that the same re- 
lative proportions of A B C, &c. will be required to neutralize 
any other body of the same class as X. Thus, since 100 parts 
of real sulphuric acid, and 68 (omitting fractions) of muriatic 
acid neutralize 118 of potash, and since 100 of sulphuric acid 
neutralize 71 of lime, we may infer that 68 of muriatic acid 
will neutralize the same quantity (71) of lime. The great 
importance of this law will readily be perceived, not only as it 
enables us to anticipate, but also to correct, the results of 
analysis. 

2dly. If the quantities of two bodies, A and B, that are ne- 


SECT. IV. CHEMICAL AFFINITY, &c. 58 


cessary to saturate a given weight of a third body X, be re- 
presented by q and 7, these quantities may be called equiva- 
tents. ‘Thus, in the example above cited, 100 parts of sul- 
phuric acid and 68 of muriatic acid, are equivalents of each 
other. A Table of Equivalents, which will be found extremely 
useful in various calculations, will be given in the Appendix. 
By adapting a table of this sort to a moveable scale, on the 
principle of Gunter’s sliding rule, Dr. Wollaston has lately 
constructed an instrument, called the Logometric Scale of Che- 
mical Equivalents, which is capable of solving, with great 
facility, a number of problems, interesting both to the seiuir 
tific and practical chemist.* Some applications of this in- 
strument, to researches into the constitution of organic bodies, 
have been pointed out by Dr. Prout. (Ann. of Phil. vi. 270.) 


sei 


SECTION IV. 
Of Elective Affinity. 


AN important law of affinity, which is the basis of almost 
all chemical theory, is, that one body has not the same force 
of affinity towards a number of others, but attracts them un- 
equally. ‘Thus A will combine with B in preference to C, 
even when these two bodies are presented to it under equally 
favourable circumstances. Or, when A is united with C, the 
application of B will detach A from C, and we shall have a 
new compound consisting of A and B, C being set at liberty. 
Such cases are examples of what is termed in chemistry simple 
decomposition, by which it is to be understood that a body acts 
upon a compound of two ingredients, and unites with one of 


* This instrument may be had, with printed instructions for its use, of 
Mr. Cary, Optician, London; and its cost is so.trifling, that I consider a 
plate of it to be quite unnecessary. A common sliding rule will be found 
a most useful accompaniment to it. This also, with a book of instructions 
for its use, by Mr. Bevan, may be had of Mr. Cary. Facility in the use of 
the common sliding rule will be found extremely useful to the chemist, es- 
pecially in all operations of arithmetic, in which proportion is concerned. 
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its constituents, leaving the other at liberty. And as the 
forces of affinity of one body to a number of others vary, this 
body has been metaphorically represented as making an elec- 
tion; and the affinity has been called single elective affinity. 
Thus if to the muriate of lime, consisting of lime and mu- 
viatic acid, we add potash, the muriatic acid exerts a stronger 
elective affinity for the potash than for the lime; and the 
lime falls down in the state of a powder, or is precipitated. OF 
facts of this kind a great variety have been comprehended in 
the form of tables, the first idea of which ‘seems to have oc- 
curred nearly a century ago, to Geoffroy, a French chemist. 
The substance, whose affinities are to be expressed, is placed 
at the head of a column, and is separated from tne rest by a 
horizontal line. Beneath this line are arranged the bodies, 
with which it is capable of combining, in the order of their © 
respective forces of affinity; the substance which it attracts 
most strongly being placed nearest to it, and that, for which 
it has the least affinity, at the bottom of the column. The 
-affinities of muriatic acid, for example, are exhibited by the 
following series :— 


MURIATIC ACID. 


Barytes, 
Potash, 
Soda, 
Lime, 
Ammonia, 
Magnesia, 
. &c. &c. 
Simple decompositions may be expressed also by another 
form, contrived by Bergman. Thus the following scheme il- 
lustrates the decomposition of muriate of magnesia by potashien 


Muriate of Potash. 


Muriate Muriatic acid. Potash. 
of «§ 4 Water at 60°. 
Magnesia. |) Magnesia. 


Magnesia. 
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‘The original compound (muriate of magnesia) is placed on 
the outside and to the left of the verticle bracket. The -in- 
cluded space:contains the original principles of the compound, 
and also the body which is added to produce decomposition. 
Abeveand below the horizontal lines are placed the new results 
of their action. ‘The point of the lower horizontal line being 
turned downwards, denotes that the magnesia falls down or is 
precipitated; and the upper line, being perfectly straight, 
shows, that the muriate of potash remains in solution. If both 
the bodies had remained in solution, they would both have 
been placed above the upper line; or, if both had been pre- 
cipitated, beneath the lower one. If either one or both had 
escaped in a volatile form, this would have been expressed by 
placing the volatilized substance above the diagram, and turn- 
ing upwards the: middle of the upper horizontal line. But 
since decompositions vary under different circumstances, it is 
necessary to denote, by the proper addition to the scheme, 
that the bodies are dissolved in water of the temperature 
of 60°. 

No chemical facts can appear, on first view, more simple or 
intelligible, than those which are explained by the operation 
of single elective affinity. It will be found, however, on a 
more minute examination, that this force, abstractedly con- 
sidered, is only one of several causes which are concerned in 
chemical decompositions, and that its action is modified, and 
sometimes even subverted, by counteracting forces. 


SECTION V. 
Of the Causes which modify the Action of Chemical Affinity. 


_ Tue order of decomposition is not,:as might be inferred 

from the law of elective affinity, invariable; but, in certain 

cases, may even'be reversed. Thus though ‘A may attract B 

more strongly than either A or Bis attracted by C, yet, under 

some. circumstances, C.may be, employed to decompose par- 

tially the compound A B, Again, if we mix together A Band 
* 
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C, using the two first in the proportions required to neutralize 
each other, it will be found that A and B have not combined 
to the exclusion of C, but that we have a compound of B with 
A, and another of B with C, in proportions regulated by the 
quantities of A and C, which have been employed. Facts of 
this kind have been long known to chemists. It had been as- 
certained, for example, before the time of Bergman, that sul- 
phate of potash, a salt composed of sulphuric acid and potash, 
is partly decompounded by nitric acid, although the nitric has 
a weaker affinity than the sulphuric acid for that alkali. Ex- 
amples of the same kind have since been multiplied by Ber- 
thollet, who has asserted that in the following, as well as in 
other cases, a substance possessing a weaker attraction, dis- 
places another having a stronger, for a third body :* 


1. Potash separates sulphuric acid from barytes. 
2. Lime separates sulphuric acid from potash. 
3. Potash separates oxalic acid from lime. 
4. Nitric acid separates lime from oxalic acid. 
5. Potash separates phosphoric acid from lime. — 
6. Potash separates carbonic acid from lime. 
7. Soda separates sulphuric acid from potash. 


‘These facts, and a variety of similar ones, are to be ex- 
plained, according to the views of Berthollet, on the following 
principles : 

1. When two substances are opposed to each other with re- 
spect to a third, as in the foregoing examples, they may be 
considered as antagonist forces; and they share the third body 
between them in proportion to the intensity of their action. 
But this intensity, according to Berthollet, depends not only 
on the energy of the affinities, but on the quantities of the two 
bodies opposed to each other. Hence a larger quantity of 
one of the substances may compensate a weaker affinity, and 
the reverse.- ‘To the absolute weight of a body, multiplied by 
the degree of its affinity, he has given the name: of mass, a 


* In each of the examples given in the Table, the body, first mentioned, 
‘decomposes a compound of the second and third, although its attraction for 


the second is inferior to that of the third. 
oo 
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term in some degree objectionable from the different meaning 
which is affixed to it in mechanical philosophy. As an illustra- 
tion, let us suppose (what is not strictly accurate in point of 
fact) that the affinity of barytes for muriatic acid is twice as 
strong as that of potash, or that these affinities are respectively 
denoted by the numbers 4 and 2. In this case the same mass 
will result from 4 parts of barytes as from 8 of potash; be- 
cause the same product (16) is obtained in each instance, by 
multiplying the number indicating the affinity.into that de- 
noting the quantity; for 4 (the affinity of barytes) multiplied 
by 4, (the quantity assumed in this example) is equal to 16; 
and 2 (the affinity of potash) multiplied by 8 (its quantity) is 
also equal to 16. In this case, therefore, to divide equally a 
portion of muriatic acid between barytes and potash, these 
bodies should be employed in the apiaatae of 2 of the for- 
mer to 4 of the latter. 

The influence of quantity explains also the difficulty which 
is observed in effecting, in any instance, the total decomposi- 
tion of a compound of two principles by means of a third. The 
immediate effect of a third body C, when added to a compound 
A B, is to abstract from B a portion of the substance A ; 
and consequently a portion of B is set at liberty, the attrac- 
tion of which for A. is opposed to that of the uncombined 
part of C. The farther this’ decomposition is carried, the 
greater will be the proportion of B, which is brought into an 
uncombined state; and the more powerfully will it oppose any 
farther tendency of C to detach the substance A. Ata certain 
point, the affinities of B and C for A will be exactly balanced, 
and the decomposition will proceed no farther. In a few 
cases, it is acknowledged by Berthollet, a third body separates 
the whole ef one of the principles of a compound ; but this he 
supposes to happen in consequence of the agency of other ex- 
traneous forces, the nature of which remains to be pointed out. 

2dly. Cohesion is a force, the influence of which over the 
chemical union of bodies, has already been explained in a for- 
mer section; and other illustrations of its interference will be 
given, when we consider the subject of the limitations to che- 
mical combination. 

3dly. Insolubility is another force, which essentially modifies 
the exertion of affinity. It is to be considered, indeed, merely 
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as the result of cohesion, with respect to the liquid in which 
the effect takes place. 

When a soluble substance and an insoluble one are pre- 
sented, at the same time, to a third, for which they have 
nearly an equal affinity, the soluble body is brought into the 
sphere of action with great advantages over its antagonist. Its 
cohesion at the outset is but little, and by solution is reduced 
almost to nothing; while that of the insoluble body remains 
the same. The nitole of the soluble substance also exerts its 
affinity at once; whilea part only of the insoluble one can 
oppose its force. Hence the soluble substance may prevail, 
and may attach to itself the greatest proportion of the third 
body, even though it has a weaker affinity than the insoluble - 
one to the subject of combination. 

Insolubility, however, under certain circumstances, is a 
force which turns the balance in favour of the affinity of one 
body when opposed to the affinity of another. For example, 
if to the soluble compound, sulphate of soda, we add barytes, 
the new compound, sulphate of barytes, is precipitated the 
instant it is formed: and being removed from the sphere of 
action, the soda can exert no effect upon it by its greater 
quantity or mass. For the same reason, when soda is added 
to sulphate of barytes, the sulphate is protected from decom- 
position both by its insolubility and by its cohesion. 

These facts sufficiently prove that the order of precipitation, 
which was formerly assumed as the basis of tables of elective 
affinity, can no longer be considered as an accurate measure 
of that force; and that the body, which is precipitated, may, 
in some. cases, be superior in affinity to the one which has 
caused precipitation. In these cases, a trifling superiority in 
affinity may be more than counterbalanced ri the cohesive 
force, which causes insclubility. | 

Athly. Great specific gravily is a force, which must:concur 
with insolubility or cohesion in originally impeding’ combina- 
tion; and when chemical union has taken place, it must come 
in aid of affinity, by removing the new compound from the 
sphere of action. It is scarcely necessary to enlarge on the 
operation of a force, the nature of which must beso obvious. | 

Sthly. Elasticity. Cohesion, it has already been stated, 
may proyeaniimpediment to combination ; and on the other 
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hand, it is possible that the particles of bodies may be sepa- 
rated so widely, as to be removed out of the sphere of their 
mutual attraction. Such appears to be the fact with regard 
to a class of bodies called airs or gases. ‘The bases of several 
of these have powerful attractions for the bases of others, and 
for various liquids, and yet they do not combine on simple 
admixture, but strong mechanical pressure brings their par- 
ticles sufficiently near, to be within the influence of their mu- 
tual attraction, and combination immediately ensues, 

Again if two bodies, one of which has an elastic and the 
other a liquid form, be presented at the same time to a solid, 
for which they have both an affinity, the solid will unite with 
the liquid in preference to the gas. Or if we add to the com- 
pound of an elastic substance with an inelastic one, a third 
body also inelastic, the two latter combine to the exclusion of 
the elastic body. For example, if to the compound of potash 
and carbonic acid we add sulphuric acid, the latter acid, act~ 
ing both by its affinity and its quantity, disengages a portion 
of carbonic acid. This, by its elasticity, is removed from the 
sphere of action, and presents no obstacle to the farther ope- 
ration of the sulphuric acid. Hence elastic bodies act only 
by their affinity; whereas liquids act both by their affinity 
and quantity conjoined. And though the affinity of the li- 
quid, abstractedly considered, may be inferior to the affinity 
of the elastic body, yet, united with quantity, it prevails. In 
the above instances, the whole of the elastic acid may be ex- 
pelled by the fixed acid: whereas, as it has already been ob- 
served, decomposition is incomplete, if the substance which is 
liberated remain within the sphere of action. 

6thly. Efflorescence is a circumstance which occasionally in- 
fluences the exertion of affinity; but this is only of very rare 
occurrence. ‘The simplest example of it is that of lime, and 
muriate of soda. When a paste composed of these two.sub- 
stances with a great excess of lime, is exposed, in a moist 
state, to the air, the lime, acting by its quantity, disengages 
soda from the common salt, which appears in a dry form, on 
the outer surface of the paste, united with carbonic acid ab- 
sorbed from the atmosphere. In this case the soda, which is. 
separated, being removed from contiguity with the interior 
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part of the mass, presents no obstacle to the farther action of 
the lime, and the decomposition is carried farther than it 
would have been, had no such removal happened. 

7thly. The influence of temperature over chemical affinity 
is extremely extensive and important; but at present a very 
general statement only of its effects is required. In some 
cases an increased temperature acts in promoting, and at 
others in impeding, chemical combination: and it materially 
affects also the order of decompositions. 

An increased temperature promotes chemical union by 
diminishing or overcoming cohesion. Thus metals unite by 
fusion, and several salts are more soluble in hot than in cold 
water. Whenever heat is an obstacle to combination, it pro- 
duces its effect by increasing elasticity. Hence water absorbs 
a less proportion of ammonia at a high than at a low tempe- 
rature. A reduction of the temperature of elastic bodies, by 
lessening their elasticity, facilitates their union with other sub- 
stances. In certain cases, an increased temperature has the 
combined effects of diminishing cohesion and increasing elas- 
ticity. When sulphur is exposed to oxygen gas, no combi- 
nation ensues, until the sulphur is heated; and though the 
elasticity of the gas is thus increased, yet the diminution of 
cohesion of the solid is more than proportionate, and heh 
mical union ensues between the two bodies. : 

Sthly. The electrical state of bodies has a most important 
influence over their chemical union. This, however, is a 
‘subject, of which it would be difficult to offer a general view, 
and for its full development I refer to a subsequent chapter 
on Electro-chemisiry. 

9thly. Mechanical pressure is another force, which has con- 
siderable influence over chemical affinity. With respect to 
solid bodies, its agency is not frequent; but we have unequi- 
vocal examples of its operation in cases, where detonation is 
produced by concussion. The effects of pressure are chiefly 
manifested, in producing the combination of aériform bodies 
either with solids, with liquids, or with each other; and in 
- preserving combinations, which have been already formed, 
aunder circumstances tending to disunite them. Chalk, for 
example, is a compound of lime and carbonic acid; and 
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these bodies, by the simple application of an intense heat, 
are separable from each other; but under strong pressure, a 
heat may be applied sufficient to melt the chalk, without ex- 
pelling the carbonic acid. It is this principle (of the in- 
fluence of pressure in opposing chemical decomposition) that 
is the foundation of Dr. Hutton’s ingenious Theory of the 
Earth. 

Such are the most important circumstances, that modify 
the exertion of chemical affinity. Of their influence, sufficient 
illustrations have been given to prove, that in every case of 
combination and decomposition, we are not to consider the 
force of affinity abstractedly; but are to take into account 
the agency of other powers, as cohesion, quantity, insolubility, 
elasticity, efflorescence, and temperature. By the action of 
these extraneous powers, Berthollet has endeavoured to ex- 
plain certain facts which are not easily understood on any 
other principle. Of these the most important are, Istly, the 
establishment of proportions in chemical compounds; and, 
Qdly, the modification produced in the affinities of bodies by. 
chemical union. 

1. Independently of these extraneous forces, Berthollet 
imagines that there are no limits to combination, or that two 
bodies, which are now susceptible of union only in one or in 
few proportions, might, if these forces were annihilated, be 
united in every proportion. . The causes which he has as- 
signed, as chiefly regulating proportion, are cohesion and 
elasticity. To take one of the simplest cases, the proportion, 
in which a salt can be combined with water, depends on the 
balance between the chemical affinity of the bodies for each 
other, and the cohesive attraction of the salt. In this case, 
then, cohesion is the limiting power. As an example of the 
influence of this force when more energetic affinities are ex- 
erted, if we add to diluted sulphuric acid a solution of barytes, 
a compound is formed, consisting of sulphuric acid and ba- 
_rytes, which, in consequence of its great insolubility or cohe- 
sion, is instantly removed from contact with the redundant 
acid, and with established proportions. 

The agency of elasticity in limiting proportion, may be 
exemplified by the combination of hydrogen and oxygen. If 
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a mixture of the two gases be inflamed, the new compound, 
water, is immediately separated from what is superfluous of 
_ both ingredients, by its superior density. In other instances, 
the bases of aériform substances are combined in various 
proportions, and in such examples, there are several terms 
of greatest condensation, as in the case of oxygen and nitrogen. 

2. Another important part of the theory of Berthollet is, 
that the affinities of a compound are not newly acquired ; but 
are merely the modified affinities of its constituents, the action 
of which, in their separate state, was counteracted by the 
prevalence of opposing forces. By combination, these forces 
are so far overcome, that the affinities of the constituents are 
enabled to exert themselves. 

The action of different affinities existing in one compound, 
Berthollet terms resulting affinities, while the individual affi- 
nities of the constituents he calls elementary affinities. ‘Thus 
nitric acid acts on potash by an affinity, which results from 
those of oxygen and azote for potash. And as all affinity is 
mutual, the term resulting affinity is applied, also, to that force, 
with which a simple body acts on a compound: to the affinity, 
for example, which any simple body may exert on nitric acid. 
A simple body, indeed, may exert towards a compound both 
an elementary and resulting affinity. If the elementary affi- 
nity prevails, it will unite only with one of the principles of 
the compound, as when a simple body, by its affinity for 
oxygen, decomposes nitric acid, and liberates its nitrogen in 
a separate form. Ifthe resulting affinity be predominant, the 
simple body will unite with the whole compound without 
effecting any disunion of its elements. 

From these views it may be inferred, that we are not, in any 
case, to deny the existence of an affinity between two bodies, 
merely because they do not combine when presented to~each 
other; for an affinity may exist, but may be suppressed by 
the prevalence of opposing forces. According to the doctrine 
of Berthollet, affinity is a force exerted by every body towards 
every other; even though not made apparent by any effect. 
On this principle, we are able to explain certain phenomena, 
which are wholly unintelligible on any other, and especially 
those which have been referred to disposing affinity. The 
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action of sulphuret of potash, for example, on oxygen gasy 
has been ascribed to the disposing affinity of potash for sul- 
phuric acid. This, however, is ascribing an affinity to a com- 
pound, before that compound has existence. It is much 
more probable, that besides the diminished cohesion of the 
sulphur, the affinity of potash for oxygen has some share in 
producing the combination. On this principle the united 
affinities of the potash and sulpbur for oxygen (in other words 
the resulting affinities of the sulphuret of potash) are the 
efficient causes of chemical union. ‘This explanation, at least, 
does not, like the theory of disposing affinities, involve an 
absurdity. 

The theory of Berthollet, however, which promised, on its 
first development, to form a new era in chemical philosophy, 
has lost much of its probability, by the subsequent progress of 
thescience. It is directly, indeed, at variance with the doctrine 
of definite proportions, which every day gathers strength by 
the accumulation of new and well-established facts. It is liable, 
moreover, to the following objections. 

Ist. It has been shown by Professor Pfaff, of Kiell,* that, 
in various cases, where two acids are brought into contact 
with one base, the base unites with one acid, to the entire 
exclusion of the other. When, for example, to a given | 
weight of lime, quantities of sulphuric and tartaric acids are 
put, either of which would exactly neutralize the lime, the sul- 
phuric acid unites with the lime, to the entire exclusion of the 
tartaric. The same evidence of a superior affinity of the 
sulphuric acid over that of the oxalic is obtained, by placing 
those acids in contact with as much oxide of lead, as would 
exactly saturate either of them. Again, comparing the action 
of two bases on one acid, the same law is found to hold good : 
for when potash and magnesia are mixed with just as much 
sulphuric acid, as is required to neutralize either of them, the 
potash seizes the whole of the acid, and no part of it unites 
with the magnesia. Nor can these effects be explained by any 
of those extraneous forces, which Berthollet supposes, in all 
cases, to regulate chemical combination ; or by any principle, 
but a stronger affinity of sulphuric acid, than of tartaric or 
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oxalic acid, for the different bases; and of potash, than of 
magnesia, for the same acid. 

Qdly. Some of the cases, before quoted from Berthollet, to 
show the reciprocal displacement of two bodies by each other 
from a third (it has been justly observed), are examples, not 
of single elective affinity, in which three bodies only are con- 
cerned; but of complex affinity, in which the attractions of 
four bodies are brought into action. In the first case, for 
example, there is reason to believe, that sulphuric acid is dis- 
placed from barytes, not by pure potash, but by potash which 
has absorbed carbonic acid from the atmosphere. 

3dly. In other cases, the consideration of the affinities of 
two bodies A and B, for a third C, is complicated with this 
circumstance, that the neutral compound of A and B has an 
affinity for a farther portion of one of its ingredients. If then 
C be brought into contact with the Sarai A B, we may 
have, acting at the same momen t, the affinity of C for A, which 
partly decomposes the compound A B; and the affinity of the - 
undecomposed part of A B, for that portion of B which is set 
at liberty. For instance, when nitric acid acts on sulphate of 
potash, some nitrate of potash is formed; and the sulphuric 
acid, which is set at liberty, uniting with the undecomposed 
sulphate of potash, composes a new salt, consisting of sulphate . 
of potash with an excess of sulphuric acid. 

4thly. It is a strong objection to the theory of Berthollet 
that, in some cases, decompositions happen, which, according 
to his views, ought not to take place; and that in others, de- 
compositions do not ensue, which the theory would have led 
us to have anticipated. 

_ 5thly. The theory is objectionable, inasmuch as, in several 
instances, properties are supposed to operate, before the bodies 
exist, to which those properties are attributed. It is incon- 
ceivable, for instance, that the cohesion, or insolubility, of 
sulphate of barytes, can have any share in producing the de- 
composition of sulphate of potash by that earth; for the inso- 
lubility of sulphate of barytes can have no agency, till that 
compound is formed ; which is the very effect to be explained. 

Notwithstanding these objections to the theory of Berthol- 
Jet, when carried so far as has been done by its author, in the 
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explanation of chemical phenomena, it must still be admitted 
that the extraneous forces, pointed out by that acute philoso- 
pher, have great influence in modifying the effects of chemical 
affinity. But these forces are entitled only to be considered 
as secondary causes; and not as determining combinations or 
decompositions, nor as regulating the proportions in which 
bodies unite, independently of the superior force of chemical 
_ affinity. 


—— 


SECTION VI. 
Of the Estimation of the Forces of Affinity. 


Tue affinities of one body for a number of others are not 
all of the same degree of force. ‘This is all that the present 
state of our knowledge authorizes us to affirm; for we are 
ignorant how much the affinity of one body for another is 
superior to that of a third. ‘The determination of the precise 
. forces of affinity would be an important step in chemical phi- 
Josophy: for its phenomena would then be reduced to calcu- 
lation ; and we should be enabled to anticipate the results of 
experiment. That the force of chemical affinity must be pro- 
digiously great, is evident from its effect in preserving the com-. 
bination of water with some bodies (the alkalies for instance) 
when exposed to a violent heat notwithstanding its great ex- 
pansive force, and though water is not essential to the consti- 
tution of those bodies. 

The observed order of decomposition, it has already been 
stated, does not enable us to assign the order of the forces of 
' affinity; because, in all dibatidustticns other forces are con- 
cerned. We are, therefore, obliged to seek some other method 
of determining the problem. Of these’several have been pro- 
posed. * 

When the surface of one body is brought into contact with 
another surface of the same kind, as eich: the smooth surfaces 
of a divided leaden bullet are pressed together, they adhere 
by.the force of cohesion, their particles being all of the same 
kind. But when the surfaces of different bodies are thus 
brought into apparent contact, it is reasonable to suppose 
VOle Ip F : 
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that their adhesion arises from chemical affinity, because their 
particles are of different kinds. Guyton proposed, therefore, _ 
the comparative force, with which different surfaces adhere, ~ 
as a competent measure of chemical affinity. His experiments 
were made on plates of different metals, of precisely the same 
size and form, suspended by their centres from the arm of a 
sensible balance. The lower surfaces of these plates were 
successively brought into contact with mercury, which was . 
changed for each experiment, and the weight was observed, 
which it was necessary to add to the opposite scale, in order 
to detach the several metals. Those which required the largest 
weight were inferred to have the greatest affinity; and it is 
remarkable, that the order of affinities, as determined in this 

way, correspond with the affinities as ascertained by other 
methods. The following were the rezults : 

Gold adhered to mercury with a force of.... 446 grains. 

Silver: Mv. ghee. de bs UWE a. Cae 429 

Diy evi ton ae sebantetid yA Ls geste. 418 

KGa ct yialinie 6 spake Varela s MENG elite Ss os US a OO 

Dismuthoawiosd cis wees inion Maw yey Oe Fe 

Line:y oss. ee GRE 1, HOES Oe 

Coppertis ode es Wee Se Ne EE OTR 149 

Antimonyias 6 sis. te UN TE fae OS 

Troms. sis with ephidts 366 NRG SN HW A TS 

Cobalt osc genie nai S090 WS ea ae : 


This method, it must be obvious, is of too limited applica- 
tion to be of much utility; for few bodies have the mechanical 
conditions, which can enable us to subject them to such a test. 
How, for example, could the affinities of acids for alkalies be 
examined on this principle? It may be doubted, also, whe- 
ther in the cases to which it may be applied, it does not mea- 
sure the facility of combination, rather than the actual force of 
affinity. : . 3 

To determine the absolute forces of affinity, which one body 
exerts towards a number of others, Mr. Kirwan has proposed 
the quantity of each which is required to produce neutraliza- 
tion, in other words, its equivalent. This he has ascertained - 
by experiment in a great variety of instances, a few of which 
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are contained in the following tables; the numbers being 
altered, to accommodate them to recent discoveries. 


100 Parts of 
SULPHURIC ACID . 100 Parts of 


require for Neutralization __ POTASH require 
‘biineaiemenipanroammeaee 2 
194 parts of barytes. ~ 115 of nitric acid. 
138 .... of strontites. 93 _ of carbonic acid. 
118 .... of potash. 84.5 of sulphuric. 
76.8. «oe Ob. SOUR. 58 of muriatic. 


Phin eof lime: 
49.2 .... of magnesia. 
43 .... Of ammonia. 


In judging of the affinities of the same acid for different 
bases, Mr. Kirwan assumed that they are represented by the 
numbers indicating the quantities of each base required for 
neutralization. Thus, because 100 parts of sulphuric acid 
neutralize 194 of barytes, and 118 of potash, the affinity of 
the former is superior to that of the latter in the proportion of 
194 to 118. So far the inference corresponds with the order 
of decomposition; for barytes takes sulphuric acid from 
potash. But if we examine the affinities of potash, as re- 
presented in the second table, we shall find that, on this 
principle, they are directly contradictory to fact. Thus the 
affinity of sulphuric acid should be inferior to that of the car- 
bonic; whereas it is well known that the former displaces the 
latter from all its combinations. Mr. Kirwan was, therefore, 
driven to the necessity of establishing a precisely opposite rule 
in determining the affinities of different acids for the same base, 
and of assuming that they are znversely proportionate to the 
affinity of the saturating acid. ‘Thus the affinity of carbonic 
acid for potash would be represented by 84°5, and that of sul- 
phuric acid by 93. This, however, involves a contradiction ; 
since it is implied that a stronger affinity, in one instance, re- 
quires a greater quantity of the saturating principle, as in the 
relation of barytes and potash to sulphuric acid ; and that, in 
the other, it requires a less quantity, as in the instance of the 
sulphuric and carbonic acids with respect to potash. 

Since neutralization is an effect of chemical affinity, which 
must in all cases bear a proportion to its cause, it has been 

: F 2 
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assumed by Berthollet, that the substance which, in the 
smallest quantity, neutralizes another, is the one possessing 
the strongest affinity. On this principle the affinities of sul- 
phuric acid for different bases will be exactly the reverse of 
the order established by Mr. Kirwan; and to that order, 
which would. have been assigned from observed decomposi-. 
tions. Thus ammonia will have a stronger affinity for sul- 
phuric acid than any of the substances She are placed above 
it in the table; though it is separated, by each of these, from 
its union with that acid. 

It is in the extraneous forces, shich have been enumerated 
as influencing chemical affinity, that we are to seek, according 
to Berthollet, for the explanation of this apparent anomaly, — 
and especially in the forces of cohesion and clasticity. The 
elasticity of ammonia, for example, turns the balance in fayour 
of magnesia, lime, &c. There is an obvious difficulty, how- 
ever, in the application of the theory. Tor as the elasticity 
of ammonia is suppressed by its combination with sulphuric 
acid, what, it may be asked, but a superior affinity for sul- 
phuric acid, existing in the substances which stand above am- 
monia in the table, can occasion the first commencement of ~ 
decomposition? ‘The problem, therefore, of determining the 

~absulute forces of affinity can scarcely be admitted to be saad 

Kven if it were, we should not be able to predict tne order of 
decomposition, unless the modifying forces of cohesion, elas- — 
ticity, &c. could be at the same time subjected to precise ad- 
measurement. Until both these objects are accomplished, the — 
results of chemistry can in no case be obtained by calculation, 
but the science must remain a collection of general PRPS a 
derived from experiment and induction. 


—— 
SECTION VII. 
Of Complex Affinity. 


Unper the more general name of complex affinity, Berthol- 
let includes that which has hitherto been considered as pro- 
duced by the action of four affinities, and which has com- 
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monly been bein tuted double ie affinity. It frequently 
happens that the compound of two principles cannot be de- 
stroyed either by a third or a fourth separately applied; but 
if the third and fourth be combined, and placed in contact 
with the former compound, a decomposition, or a change of 
principles will ensue. ‘Thus when lime water is added to a 
solution of the sulphate of soda, no decomposition happens, 
because the sulphuric acid attracts soda more strongly than it 
attracts lime. If the muriatic acid be applied to the same 


-. compound, still its principles remain undisturbed, because the 


sulphuric acid attracts soda more strongly than the muriatic. 
But if the lime and muriatic acid, previously combined, be 
mixed with the sulphate of soda, a double decomposition is 
effected. ‘The lime, quitting the muriatic acid, unites with 
the sulphuric; and the soda, being separated from the sul- 
phuric acid, combines with the muriatic. ‘These decompo- 
sitions are rendered more intelligible by the following diagram, 
contrived by Bergman. 


Muriate of Soda 


(Soda 115 - “Muriatic tic acid | 
apie: | 
Sulphate be Muriate 
eee io 104 
Soda hi 
jm 
eu acid 71 Lime 


Biduete of Lime 


On the outside of the vertical brackets are placed the ori- 
ginal compounds ; and above and below the diagram, the new 
compounds. The upper-line, being straight, indicates that 
the muriate of soda remains in iy ; and the middle of 
the lower line, being directed downwards, that the sulphate of 
lime is precipitated. | 

In al] cases similar to the foregoing, Mr. Kirwan conceives 
that we may trace the operation of two distinct series of affini- 
ties. The affinities tending to preserve the original compounds 
(which in the above example are those between sulphuric acid 
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and soda, and between muriatic acid and lime), he terms the 
quiescent affinities ; because they resist any change of composi- 
tion. On the other hand the affinities, which tend to disunite 
the original compounds and to produce new ones (such as 
those between muriatic acid and soda, and between sulphuric — 
acid and lime), he terms divellent affinities. “In order that an 
effect may be produced, the divellent affinities must necessarily , 
be superior to the quiescent. Now, assuming the numbers in 
Mr. Kirwan’s tables to express accurately the forces of affini- 
ties, the double exchange of principles, which happens in the 
preceding instance, is readily explained. ‘Thus the quiescent 
affinities are 


Those of lime to muriatic acid = 104 
of soda to sulphuric acid = 78 


oe 


182 


The divellent affinities, opposed to these, consist of 


The affinity of soda to muriatic acid = 115 
lime to sulphuric acid = 71 


eae 


186 


The original compound, therefore, is preserved by a force 
equivalent to 182, and the tendencies to produce new com- 
pounds are represented by the number 186. The divellent 
affinities are, therefore, predominant. 

The theory of quiescent and divellent affinities, however, 
though highly attractive from its simplicity, and from the 
facility with which it solves certain phenomena, is completely 
defective in the explanation of others. - For example, sulphate 
of potash is decomposed’ by muriate of barytes. Yet, esti- 
mating in the above manner the quiescent and divellent affi- 
nities, an exchange of principles ought not to ensue. The 
affinities tending to preserve the original compound, are those 
of sulphuric acid for potash = 118, and of muriatic acid for 
barytes = 285. The divellent affinities are that of muriatic 
acid for potash = 174 + that of sulphuric acid for barytes 
= 194. The quiescent affinities then are 118 + 285 = 403, 
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and the divellent 174 + 194 = 368. This leaves a balance of 
35 in favour of the quiescent affinities; and yet decomposition 
ensues, when the two compounds are brought into contact. 

It must be acknowledged that the numbers, assumed by Mr, 
Kirwan do not correspond with the actual forces of affinity. 
But even if they are taken according to the principle assumed 
by Berthollet, they will not be found universally applicable. 
The reason of this is, that the phenomena produced by com- 
plex affinity, like those occasioned by simple affinity, are ma- 
terially influenced by the extraneous forces of cohesion, quan- 
tity, elasticity, temperature, &c. The effect of quantity is 
shown by the fact, that if two salts be mixed together in cer- 
tain proportions, decomposition will ensue, but not if mixed 
in other proportions. Thus from the mingled solutions of 
two parts of muriate of lime and one of nitrate of potash, we 
obtain muriate of potash; but not from equal weights of the 
two salts. Insolubility, or precipitation, has also a consider- 
able influence on the result. When this occurs, the influence 
of quantity is destroyed, as in the case of sulphate of potash 
and muriate of barytes. Elasticity, and an increased tempe- 
rature (which operates by increasing elasticity), and the re- 
verse of this, or a greatly diminished temperature, have also a 
powerful influence in promoting the action of complex affi- 
nities. Thus of four principles, two of which are volatile 
and two fixed, the two which are volatile will be most dis- 
posed to unite together at a high temperature. The nature of 
the fluid, in which salts are dissolved, has also an important 
influence on their tendency to mutual decomposition.* Thus 
changes take place in the midst of an alcoholic medium, 
which do not happen to the same bodies dissolved in water.{ 
We have even instances, in which though a compound A B 
decomposes another compound C D, A uniting with C, and 
B with D, yet (which could not have been expected @ prior?) 
the compound A C is reciprocally decomposed by D B, and 
the original compounds A B and C D are regenexrated.{ 
Hence the phenomena of complex decomposition concur with 


* Ann. de Chim. et Phys. iv. 366. © + Dr, Murray on Sea Water. 
{t See the sect. on Sulphate of Barytes. ~ 
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those of a more simple kind, in proving that affinity is not an 
uniform force, but is materially influenced by various modi- 
fying circumstances; and that we cannot confidently anti- 
cipate results, from comparing the numerical iaanvee of 
quiescent and divellent affinities. 

One great obstacle to the construction of tables, capable of 
representing the forces of affinity, is the difficulty of ascer- 
taining, with precision, the quantities of bodies required for 
neutralization. Notwithstanding all the care employed by Mr. _ 
Kirwan, considerabie errors appear to have crept into the 
results of his experiments. This will sufficiently appear, when 
they are examined by a test, originally proposed by Guyton. 
It must be obvious that if between two salts, which are mixed 
together in solution, decomposition should ensue, and the 
mixture should afterwards be found neutral, the quantity of 
acid, which has quitted one of the bases, must have been 
exactly equivalent to the saturation of the-other base, also 
deserted by its acid. If, for example, we mingle the muriate 
of magnesia and sulphate of soda, the mixture continues neu- 
tral; and hence it follows that the muriatic acid, which has 
quitted the magnesia, must have been exactly. equal to the 
neutralization of the soda, deserted by the sulphuric acid. 
But from a calculation, founded on the proportion of the in- 
gredients of these salts, as established by Mr. Kirwan, it ap- 
pears that the soda, detached from the sulphuric acid, is not 
adequate to the saturation of the muriatic acid. The mix-. 
ture, therefore, ought to be acid; and since this.is contrary 
to fact, we may safely infer that there is an error in his esti- 
mation of the ingredients composing these salts. No tables, 
indeed, can be correct, unless they stand the test of this mode 
of verification. Such a table las been calculated by Fischer 
from the experiments of Richter; but even this table seems 
in several respects to be of questionable accuracy. I have 
thought it, however, entitled to a place among the tables in 
the Appendix; and I shall annex, also, a more correct one, 
the data of which are chiefly supplied by Dr. Wollaston’s 
paper on Chemical Equivalents.* 


* Phil, Trans, 1814. 


SECT, VIII. CHEMICAL AFFINITY, &Xc. 73 


SECTION VIII. 
Experimental Illustrations of Chemical Affinity, Solution, Sc. 


Tor these experiments, a few wine glasses, or, in preference, 
deep ale glasses, will be required; and a Florence flask fox 
performing the solutions. : 

» Some bodies have no affinity for each other.—Oijl and 
water, mercury and water, or powdered chalk and water, when 
shaken together in a vial, do not combine, the oil or water 
_ always rising to the surface, and the mercury or chalk sinking 

to the bottom. 

II. Examples of adsvaditr affinity, and ils most simple effect, 
viz. solution.— Sugar or common salt disappears or dissolves - 
in water; chalk in dilute muriatic acid.* Sugar and salt are, 
therefore, said to be soluble in water, and chalk in muriatic 
acid. ‘The liquid, in which the solid disappears, is termed a 
solvent or menstruum. Chalk or sand, on the contrary, when 
mixed with water by agitation, always subsides again. Hence 
they are said to- be insolulle. 

IIT. Influence of mechanical division in promoting the action 
of chemical affinity, or in favouring CRs hoe of chalk 
or marble dissolve much more slowly in dilute muriatic acid, - 
than equal weights of the same bodies in powder. Muriate 
of lime, or nitrate of ammonia, cast, after liquefaction by heat, 
into the shape of a solid sphere, is very slowly dissolved; but 
with great rapidity when in the state of a powder or of crystals. 
When a lump of the Derbyshire fluate of lime is immersed in 
concentrated sulphuric acid, scarcely any action of the two 
substances on: each other takes place; but if the stone be 
finely pulverized, and then mingled with the acid, a violent 
action is manifested, by the copious escape of vapours of fluoric 
acid. In the common arts of life, the rasping and grinding 
of wood and other substances are familiar examples. 

IV. Hot liquids, generally speaking, are more powerful sol- 
vents than cold ones.—To four ounce-measures of water, at the 
temperature of the atmosphere, add three ounces of sulphate 


* I omit, purposely, the distinction between the solution and dissolution. 
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of soda in powder. Only part of the salt will be dissolved, 
even after being agitated some time. Apply heat, and the 
whole of the salt will disappear. When the liquor cools, a 
portion of salt will separate again in a regular form or in 
crystals, This last appearance Ae an instance of crys- 
tallization. | 

To this law, however, there are several exceptions; for 
many salts, among which is muriate of soda, or common salt, 
are equally, or nearly equally, soluble in cold as in hot water. 
(See the table of solubility of salts in water, in the Appendix.) 
Hence, a hot, and saturated solution of muriate of soda does 
not, like the sulphate, deposit crystals on cooling. ‘To obtain 
crystals of the muriate, and of other salts which observe a si- 
milar law as to solubility, it is necessary to evaporate a por- 
tion of the water; and the salt will then be deposited, even 
while the liquor remains hot. In general, the more slow the 
cooling, or evaporation, of saline solutions, the larger and 
more regular are the crystals. 

V. A very minute division of bodies is effected by solution.— 
Dissolve two grains of sulphate of iron in a quart of water, 
and add a few cca of this solution to a wine-glassful of water, 
into which a few drops of tincture of galls have been stirred. 
The dilute infusion of galls will speedily assume a purplish 
hue. This shows that every drop of the quart of water, in 
which the sulphate of iron was dissolved, contains a notable 
portion of the salt. 

VI. Some bodies dissolve much more readily and copiously than 
others.— ‘Thus, an ounce measure of distilled water will dissol¥e 
half its weight of sulphate of ammonia, one third its weight of 
sulphate of soda, one sixteenth of sulphate of potash, and only 
one five-hundredth its weight of sulphate of lime. . 

VII. Mechanical agitation facilitates solution.—Into a wine- 
glassful of water, tinged blue with the infusion of litmus, let 
fall a small lump of solid tartaric acid. The acid, if left at 
rest, even during some hours, will only change to red that 
portion of the infusion which is in immediate contact with it. 
Stir the liquor, and the whole will immediately become red. 

VIII. Bodies do not act on each other, unless either one or both - 
Le in a stale of solution, or at least contain water.—1. Mix some 
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dry tartaric acid with dry bi-carbonate of soda, and grind 
them together in a mortar. No combination will ensue till 
water is added, which, acting the part of a solvent, promotes 
the union of the acid and alkali, as appears from a violent 
effervescence. It has been shown by Link,* that the water of 
crystallization, existing in certain salts, acts as free water in 
-occasioning chemical action. or example, acetate of lead 
and sulphate of copper, both in crystals, become green when 
triturated together, a proof of the mutual decomposition of 
those two salts. 

2. Spread thinly, on a piece of tinfoil, three or four inches 
square, some dry nitrate of copper,t and wrap it up. No ef- 
fect will follow. Unfold the tinfoil, and having sprinkled the 
nitrate of copper with the smallest possible quantity of water, 
wrap the tinfoil up again as quickly as possible, pressing down 
the edges closely. Considerable heat, attended with fumes, 
will now be excited; and, if the experiment has been dex- 
terously managed, even light will be evolved. This shows 
that nitrate of copper has no action on tin, unless in a state 
of solution. : 

IX. Bodies, even when in a state of solution, do not act on each 
other at perceptible distances ; in other words, contiguity is es- 
sential to the action of chemical affinity—Thus, when two 
fluids of different specific gravities, and which have a strong 
affinity for each other, are separated by a thin stratum of a 
third, which exerts no remarkable action on either, no combi- 
nation ensues between the uppermost and lowest stratum. 
Into a glass jar, or deep ale glass, pour two ounce-measures 
of a solution of subcarbonate of potash, containing, in that 
quantity, two drachms of common salt of tartar. Under this 
introduce, very carefully, half an ounce-measure of water, 
holding in solution a drachm of common salt; and again, 
under both these, two ounce-measures of sulphuric acid, which 
-has been diluted with an equal weight of water, and allowed 


* 'Thomson’s Annals, vii. 426. 

+ To prepare nitrate of copper, dissolve the filings or turnings of that 
metal in a mixture of one part nitrous acid and three parts water; decant 
the liquor when it has ceased to emit fumes: and evaporate it to dryness, 
in a copper or earthen dish. The dry mass must be kept in a bottle, 


® 
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to become cool. The introduction ofa second and third li- 
quid beneath the first, is best effected, by filling, with the 
liquid to be introduced, the dropping tube, ote 15. pl. i: 
which may be done by the action of the mouth. The finger 
is then pressed on the upper orifice of the tube; and the lower 
orifice, being brought to the bottom of the vessel containing 
the liquid, the finger is withdrawn, and the liquid descends - 
from the tube,-without mingling with the upper stratum. 
When a solution of carbonate of potash is thus separated from 
diluted sulphuric acid, for which it has a powerful affinity, by 
the intervention of a thin stratum of brine, the two fluids will 
remain distinct and inefficient on each other; but, on stirring 
the mixture, a violent effervescence ensues, in cohen worst of 
the action of the sulphuric acid on the potash. 

X. Two bodies, having no affinity for each other, unite by the 
intervention of a third.—Thus, the oil and water which, in Ex- 
periment I., could not, by agitation, be brought into union, 
unite immediately on adding a solution of caustic potash. The 
alkali, in this case, acts as an intermedium. The fact, indeed, 
admits of being explained by the supposition, that the oil and 
alkali form, in the first instance, a compound which is soluble 
in water. | 

XI. Saturation and neutralization illustrated.— Water, after 
having taken up as much common salt as it can dissolve, is 
said to be saturated with salt. Muriatic acid, when it has 
ceased to act any longer on lime, is said to be neutralized, as 
is also the lime. 

XII. The properties characterizing bodies, when separate, are 
destroyed ly chemical combination, and new properties appear in 
the compound.—Thus, muriatic acid and lime, which, in a se- 
parate state, have each a most corrosive taste, lose this entirely 
when mutually saturated; the compound is extremely soluble, 
though lime itself is very difficult. of solution ; the acid no lon- 
ger efits syrup of violets; nor does the lime change it, as 
befor e, to gréen. ‘The resulting compound, also, muriate of ~ 
lime, exhibits new properties. It has an intensely bitter 
taste; is susceptible of a crystallized form; and the crystals, 
when mixed with snow or ice, generate a degree of cold suf- - 
ficient to freeze quicksilver. : 
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XIII. Single elective affinity illustrated—1. Add to the 
combination of oil with alkali, formed in Experiment X., a 
little diluted sulphuric acid. The acid will seize the alkali, 
and set the oil at liberty, which will rise to the top. In this 
instance, the affinity of alkali for acid is greater than that of 
alkali for oil. %. To a dilute solution of muriate of lime 
(prepared in Experiment II.), add a little of the solution of 
pure potash. The potash will seize the muriatic acid, and the 
lime will fall down, or be precipitated. 

XIV. In every instance, in comparing the affinities of two 
Lodies for a third, a weaker affinity, in one of the two compared, 
will be found to be compensated by increasing its quantity.—lIt is 
not easy to offer clear and unequivocal examples of this law, 
and such as the student may submit to the test of experiment. 
The following, however, may illustrate the proposition suffi- 
ciently: Mingle together, in a mortar, one part of muriate of 
soda (common salt) with half a part of red oxide of lead 
(litharge, or red lead), and add sufficient water to form a thin 
paste. The oxide of lead, on examining the mixture after 
twenty-four hours, will be found not to have detached the mu- 
riatic acid from the soda; for the strong taste of that alkali 
will not be apparent. Increase the weight of the oxide of 
lead to three or four times that of the salt; and, after the 
same interval, the mixture will exhibit, by its taste; marks of 
uncombined soda. ‘This proves, that the larger quantity of 
the oxide must have detached a considerable portion of muri- 
atic acid from the soda, though the oxide has a weaker affinity 
for that acid than the soda possesses. 

Another illustration of the same general principle has been 
suggested by Berzelius. It is necessary to premise, that the 
colour of the compound of sulphuric acid with oxide of cop- 
per is blue, and that of muriatic acid with the same oxide, 
green. To a saturated solution of sulphate of copper in 
water, add by degrees concentrated muriatic acid. Every 
addition will render the colour of the liquid more distinctly 
green, showing an increased production of muriate of copper ; 
the oxide of copper being divided between the sulphuric and 
muriatic acids, in proportion to the quantity of each acid that 
is present. 7 
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XV. Double elective affinity exemplified.—In a watery solu- 
tion of sulphate of zinc, immerse a thin sheet of lead: the lead 
will remain unaltered, as also will the sulphate of zinc, be- 
cause zinc attracts sulphuric acid more strongly than lead. 
But let a solution of acetate of lead be mixed with one of 
sulphate of zinc; the lead will then go over to the sulphuric 
acid, while the zinc passes to the acetic. ‘The sulphate of lead 
being insoluble, will fall down in the state of a white powder; - 
but the acetate of zinc will remain in solution. The changes 
that occur in this experiment will be better understood from 


the following scheme : ? 
Acetate of Zinc 


Zinc Acetic Acid } 
Sulphate | Acetate 
f Water f 
aN. ” "at 60° a 
Zinc Lead 
Sulph¢ Acid Lead j 


POE ee 
Sulphate of Lead 


The vertical brackets include the original compounds, viz. 
_ sulphate of zinc, and acetate of lead ;. and the horizontal line 
and bracket point out the new ones, viz. acetate of zinc and 
sulphate of lead. By the upper horizontal line, it is denoted, 
that the acetate of zinc remains in solution; and, by the point 
of the lower bracket, being directed downwards, it is meant 
to express, that the sulphate of lead falls down, or is preci- 
pitated, | 
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CHAPTER. IIL. 


OF HEAT OR CALORIC, 


iia 


SECT. I. 
General Olservations on Heat. 


WHEN we apply the hand to a body which is hotter than 
itself, we are sensible of peculiar feeling, which we : agree to 
call the sensation of heat. At the same time we observe, in al- 
most all bodies that are placed in the same situation with the 
hand, certain effects, the most remarkable of which is an en- 
largement of their dimensions. ‘These circumstances, with very 
few exceptions, so constantly accompany each other, that we 
can have little or no hesitation in referring them to one and 
the same cause. Of the nature of this cause we have no sa-= 
tisfactory evidence ; and we are unable to demonstrate either 
_ that it consists in any general quality of bodies, or that it re- 
sides in a distinct and peculiar kind of matter. The opinion, 
however, which best explains the phenomena, is that which 
ascribes them to an extremely subtile fluid, of so refined a na- 
ture, as to be capable of insinuating itself between the parti- 
cles of the most dense and solid bodies. To this fluid, as well 
as to the sensation which it excites, the term heat was formerly 
applied. But there was an obvious impropriety in confound- 
ing, under one appellation, two things so distinct as a sensa- 
tion and its cause; and the term caloric, first proposed by 
Lavoisier, is now, therefore, generally adopted to denote the 
cause of heat.» Occasionally, however, in order to avoid too 
frequent a repetition of the same word, the term heat is still 
employed in a more extensive sense, to express not only the 
sensation which it usually denotes, but also some of the modi- 
fications: of caloric. 

Caloric, so far as its chemical agencies are concerned, may 
be chiefly considered under two views—as an antagonist to 
the cohesive attraction of bodies—and as concurring with, and 
increasing elasticity, By removing the particles of any solid 

‘* 
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to a greater distance from each other, their cohesive attraction 

is diminished; and one of the principal impediments to their 

union with other bodies is overcome. On the other hand, 

caloric may be infused’ into bodies in such quantity,. as not 

only to overcome cohesion, but to place their particles beyond. 
the sphere of chemical affinity. Thus, in the class of sub- 

‘stances called gases, the base or ponderable ingredient, whe-— 
ther solid or liquid, is dissolved in so-much caloric, that, with 
few exceptions, the bases of different gaseous bodies do not 

unite by simple mixture of the gases themselves. But if, of 
two gases, we employ either one or both in a state of great 

condensation, or compress their particles near enough to 
each other by any means, the gravi ating matter of both unites, 
and forms a new poe! Thus eae ogen and oxygen 
gases remain together in a state of mixture, for any length of | 
time, without combining; but if we force their particles into 
a state of contiguity, bey sudden and violent mechanical pres- 
sure, their bases unite and compose water. In many cases, | 
also, when two bodies are combined together, one of which is 
fixed, and the other becomes elastic by union with caloric, 
we are able, by its interposition alone, to effect their disunion. — 
Thus carbonate of lime gives up its carbonic acid by the mere 

application of heat. 

We may consider, then, all bodies in nature as subject to. 
the action of two opposite forces, the mutual attraction of their 
particles on the one hand, and the repulsive power of caloric 
on the other; and bodies exist in the solid, liquid, or elastic 
state, as one or the other of these forces prevails. Water, by 
losing caloric, has its cohesion so much increased, that it as- 
sumes the solid form of ice; adding caloric, we diminish again 
its cohesion, and render it fluid; and, finally, by a still farther 
addition of caloric, we change it into vapour, and give it so 
much elasticity, that it may be rendered capable of bursting 
the strongest vessels. In many liquids, the tendency to elas- 
ticity is even so great, that they pass at common temperatures, 
to the gaseous form, by the mere removal of the weight of the 
Bi Oe 

Caloric, like all other bodies, may exist in two different 
states, in a state of freedom, and in a state, either of combi- 
nation or of something nearly resembling it. In the former 
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state, it is capable of exciting the sensation of heat, and of 
producing expansion in other bodies. ‘To this modification 
the terms free or uncombined caloric, or caloric of temperature, 
have been applied. By the term temperature we are to un- 
derstand the state of a body relatively to its power of exciting 
the sensation of heat, and occasioning expansion; effects 
which, in all probability, bear a proportion to the quantity of 
free caloric in a given space, or in a given quantity of matter. 
Thus what we call a high temperature may be ascribed to the 
presence of a large quantity of free caloric ; and a low tem- 
perature to that of a small quantity. We are unacquainted, 
however, with the extremes oftemperature; and may compare 
it to a chain, of which a few of the middle links only are ex- 
posed to our observation, while its extremities are far removed 
from our view. ~ 

The degree of expansion produced by caloric, it will after- 
wards appear, bears a sufficient proportion to its quantity, to 
afford us a means of ascertaining the latter with tolerable ac- 
curacy. In estimating temperature, indeed, our senses are 
extremely imperfect; for we compare our sensations of heat, 
not with any fixed or uniform standard, but with those sen- 
sations, of which we have had immediately previous expe 
rience. ‘The same portion of water will feel warm to a hand 
removed from contact with snow, and cold to another hand 
which has been heated before the fire. To convey, therefore, 
any precise notion of temperature, we are obliged to describe . 
the degree of expansion produced in some one body, which 
has been previously agreed upon as a standard of comparison. 
The standard most commonly employed is a quantity of quick- 
silver, contained in a glass ball, which terminates in a long 
narrow tube. This instrument, called a ‘hermometer, is of 
the most important use in acquiring and recording our know- 
ledge of the properties and laws of caloric. ‘The thermometer, 
however, it must be obvious, is no otherwise a measure of the 
quantity of caloric, than as it ascertains the amount of one of 
its principal effects. In this respect, it stands in much the 
same predicament as the hygrometers of Saussure or Deluc, 
when considered as means of determining the moisture of the 
atmosphere. These last instruments, it may be remembered, 


are composed of some substance (such as a human hair, or a 
VOL, I, G 
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slip of whalebone) which is lengthened by a moist atmosphere 
and contracted by a dry one; and in a degree proportionate 
to the moisture or dryness. But all the information, which 
hygrometers of this sort give us, is the degree of moisture be- 
tween certain points that form the extremities of their scales ; 
and they are quite incompetent to measure the absolute quan- 
tity of watery vapour in the air. | 

In explaining those-properties and laws of caloric, which 
have become known to us by means of the thermometer, it 
appears a sufficiently natural division of the subject to de- 
scribe, Istly, those effects which caloric produces, without 
losing its properties of exciting the sensation of heat and oc- 
casioning expansion: and, 2dly, those agencies, in which its 
characteristic properties are destroyed, and in which it ceases 
to be cognizable by our senses or by the thermometer. : 

The EXPANSION or DILATATION of bodies, it will appear, is 
an almost universal effect of an increase of temperature. Its 
amount, however, is not the same in all bodies, but differs very 
essentially. By the same increase of temperature, liquids ex- 
pand more than solids, and aériform bodies much more than 
either. Nor is the same quantity of expansion effected in the 
same solid or liquid, at all temperatures, by adding similar 
quantities of heat; for, generally speaking, bodies expand by 
equal increments of caloric, more in high than in low tempe- 
ratures. The explanation of this fact is, that the force op- 
posing expansion (viz. cohesion) is diminished by the inter- 
position of caloric between the particles of bodies : and, there- 
fore, when equal quantities of caloric are added in succession, 


the last portions meet with less resistance to their expansive 


force than the first.. In gases, which are destitute of cohesion, 
equal increments of heat appear, on the contrary, to be at- 
tended with precisely equal augmentations of bulk. 

An important property of free caloric, the knowledge of 
which has been acquired by means of the thermometer, is its 
tendency to an equilibrium, ‘Twenty or thirty different bodies, 
for instance, all unequally heated, soon arrive, when exposed 
in a still atmosphere, at an equality of temperature. When a 
heated, ball of iron is exposed to the open air, the caloric, 


which is accumulated in it, flows out; and its temperature is 


gradually reduced to that of the surrounding medium. . This 
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_.is owing to two distinct causes: the air, immediately sur- 


rounding the ball, acquires part of the caloric which escapes ; 
and, having its bulk increased, is rendered specifically lighter, 
and ascends. This is succeeded by a cooler and heavier por- 


aed air from above, which in its turn is expanded and 
carries off a second quantity of caloric. Hence a considerable 
_ part of the caloric, which is lost bya heated body, is conveyed 


away by the ambient air; a property, of which advantage is 
taken in the warming and ventilating of apartments. But the 


refrigeration cannot be wholly explained on this principle; 


for it has been long known that heated bodies cool, though 
with less celerity, under the exhausted receiver of an air pump, 
and eyen in a Torricellian vacuum. 


é . ° e 
, a When the phenomena accompanying the cooling of bodies 


are accurately examined, it is found that a part of the caloric, 
which escapes, moves through the atmosphere with immea- 
sureable velocity. In an experiment of M. Pictet, no percepti- 
ble interval took place between the time at which caloric 
quitted a heated body, and its 
reception by a thermometer at 
the. distance of sixty-nine feet. 
It appears also, from the expe- 
riments of the same philosopher, 
to move with equal ease in all © 
directions, and not to be at all 
impeded by a strong current of 
alr meeting it transversely. 
Hence it follows that the pro- 
pagation of caloric, in this state 
of rapid movement, does not 
depend on any agency of the 
medium through which it passes. 
This was satisfactorily proved, 
too, by Sir. H. Davy, who con- 
trived by means of the appara- 
tus, represented in the annexed 
sketch, to effect the radiation of 
heat in vacuo. Between the 
points of two wires, inclosed in 


glass tubes which passed through 
G2 


’ i 
, os 
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a brass plate, was placed a piece of charcoal, which was intense. 
ly ignited by voltaic electricity, and the effect of radiation in 
the focus of the lower concave mirror was ascertained by a des 
licate thermometer, first when the receiver was full of air, and 
next when it was exhausted to ~i5. In the latter case, thee . 
fect of radiation was found to be three times greater ee 
an atmosphere of common density. The same conclusions 
flow, also, from the experiments of Petit and Dulong on the ba 
rate of cooling of bodies 2m vacuo. 

Like light, these appears to be transmitted in parallel vv 
and it has, therefore, been called RapranrCatoric. The com- 
parative quantities of caloric lost by radiation and by co Me od 
may be approximated. by observing what time it takes 
through the same number of degree in air and in vacuo. 
By experiments of this kind, Dr. Franklin thought he had 
ascertained that a body, which requires five minutes in 
vacuo, will cool in air, through the same number of degrees, 
in two minutes. Count Rumford’s experiments with a Tor- 
en vacuum give the proportions of 5 to 3. It will, per- 

haps, not be very remote from the truth, if it be stated, in 
general terms, that one half of the caloric, lost by a heated 
Béey: escapes by radiation, and that the rest is carried off by 
the ambient atmosphere. | 

The rate of cooling appears to bear a proportion to the ele- 
vation of temperature of a body above that of the surrounding 
medium. Hence in part it is, that a heated bedy, during re- 
frigeration, loses unequal quantities of caloric in equal times. 
The series appears to be pretty nearly a geometrical one. 
Thus, supposing the temperature of a body to be 1000 degrees 
_ above the surrounding medium, 


‘In the first minute it will las 5 of its heat or 900° 
In the second. .......+......46% % oftheremainder = 90 
in the third sre. tok...) Hee yee, 


I 
Ze) 


This law of refrigeration, originally laid down by Newton, 
it is asserted by Dr. Delaroche, though nearly accurate at low 
temperatures, is far from being so at high ones; and his ob- 
jections have been fully confirmed by Petit and Dulong, who 
have shown that the error increases as the temperature aug- 


. 
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ments, and at length becomes enormously great, (Annals of 
Philosophy, vol. xiii.) ; 

. The movement of caloric by radiation occurs only in free 
space, or through transparent media. It appears to be the 
same through all the different varieties of aériform bodies ; 


es ad will afterwards appear, the gases differ materially 


om each other in their conducting power. Caloric, also, 


radiates from bodies at all temperatures, but the quantity 


radiated bears some proportion to the excess of the tempera- 
ture of the hot body above that of the surrounding medium. 
Hence if we have any number of bodies at different tempe- 
ratures in the vicinity of each other, they may all, agreeably 
ingenious theory of M. Prevost, be consider ae both as 
diate and receiving caloric; but the hot ones will radiate 
more Dien they receive, while the cold ones will receive more 
than they radiate. 

The process of radiation appears to be constantly going on 
from the surface of the earth, and it is partly on this tat hea 
that we are to explain why the heat which our planet is in-. 
cessantly receiving from the sun, does not accumulate to such 
a degree as to render it a less fit habitation for man. The 
period, when radiation from the surface of the globe is most: 
discoverable by its effects, seems to be during the night, es- 
pecially when the sky is perfectly unclouded, for a covering of 
clouds serves as a mantle to the earth, and prevents the free 
escape of radiant heat. Under favourable circumstances, it 
has been shown by Dr. Wells, that the temperature of the 
ground, especially when its covering is formed of some sub- 
stance that radiates freely, is several degrees below that of the 
atmospheric stratum, a few feet above it, It is this diminished 
temperature of the earth’s surface, that occasions the deposi- 
tion of dew and hoar frost, which are always observed to be 
most abundantly formed under a clear unclouded sky. 

Caloric, besides radiating through transparent media, is ca- 
pable, also, of passing through dense and opaque bodies, 
though with prodigiously impaired velocity. ‘Thus a long 
bar of iron, heated at one end, requires considerable time to 
become hot at the other. This property in bodies has been 
called their conpucriING POWER, and it exists, in different 
bodies, in very different degrees, It.is not, however, found 
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to bear a proportion to any other eeYy of bodies, such as 
their densities, &c. gw 

All the properties of caloric, which have been hitherto de- 
scribed, belong to it when supposed to be in a free or uncom=- ~ 
bined form; for it continues to produce the sensation of heat 
and to expand the mercury of the thermometer. In the in- _ 
stances of its agency, also, that have been mentioned, no so 
manent change of form or of properties is effected in the bodies ° 
which have imbibed caloric. A bar of iron, after being ex- 
panded by heat, returns on cooling to the same state as Delve " 
and exhibits all its former qualities. In certain cases, however, — 
caloric is absorbed by bodies, with the loss of its distinguish- 
ing properties. It can then be no longer discovered by our 
senses or by the thermometer: and it repeat important and 
sometimes permanent changes in the bodies into which it 
enters. i 

Those effects of caloric, in the production of which it loses 
its distinguishing properties, may be classed under two general 
heads. 

I. Bodies, in passing from a denser to a rarer state, generally 
absorb caloric.—Thus solids, during liquefaction, imbibe a 
quantity of caloric, which ceases to be apparent to our senses 
or to the thermometer; or, as it has been termed, Lecomes 
latent. Ina similar manner, solids and liquids, during their 
conversion into vapours or gases, render latent a quantity of 
caloric, which is essential to the elasticity of the new product. 
In common language cold is, in such cases, said to be pro- 
duced ; but by the production of cold we are to understand, 
in philosophical language, nothing more than the passage of 
caloric from a free to a latent form. 

II. Bodies, by an increase of density, mostly evolve or give out 
caloric, which passes from a latent to a free state-—The simplest 
illustration of this law is in the effect of hammering a piece of 
metal, which may thus be intensely heated, while all that is per- 
manently effected is an augmentation of its density. Liquids by 
becoming solids, or gases by conversion into liquids, also, evolve 
caloric, or produce an increase of temperature. A pound of 
water condensed from steam, will render 100 pounds of 
water at 50° warmer by 11°; whereas a pound of boiling water 
will produce the same rise of temperature in no more than 
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#bout 134 pounds. This is owing to the much greater quan- 
tity of caloric, existing in a pound of steam, than in a pound 
_ of boiling water, though steam and boiling water affect the 
_ thermometer in precisely the same degree. 

It is a question which has excited considerable interest 
among philosophers, whether caloric, when thus absorbed 
and rendered latent, enters into chemical combination, or is 
merely united by the same kind of ties as that portion of ca- 
loric that produces the temperature of bodies. Does ice, for 
example, when changed into water, forma chemical union 
with caloric, similar to that which exists between potash and 
sulphuric acid? Such appears to have been the opinion of 
Dr. Black, who, by the powers of an original and well-di- 
rected genius, discovered, about the year 1760, the greater 
number of those facts that formed the groundwork of the theory 
of latent heat. ‘The resemblance, however, between chemical 
union and the disappearance of caloric, which, on first view, 
appears extremely striking, will be found, it must be confessed, 
less close on a nearer examination. For caloric may be made 
to quit those bodies, into which it has entered with a loss of 
its peculiar properties, merely by reducing their temperature; 
whereas chemical combinations in general cannot be destroy- 
ed, except by the interference of more energetic affinities. In 
opposition to the foregoing theory, it has been contended that 
the absorption of caloric by bodies is a consequence of what 
has been called a change of their capacity. ‘Thus ice, it is 
supposed, in becoming water, has its capacity for caloric in- 
creased, and the absorption of caloric is a consequence of this 
increased capacity. ‘This theory, however, is deficient, inas- 
much as it fails to explain what is the cause of that change of 
form, which is assumed to account for the increase of capa- 
city. Notwithstanding this obvious objection, I have retained 
the term capacity to express, in the abstract, that power by 
which bodies absorb and render latent different quantities of 
caloric; or the property of requiring more or less caloric for 
raising their temperature an equal number of degrees. The 
absorption of caloric, then, will always be owing to an in- 
crease, and its evolution to a decrease, of capacity. ‘The use 
of these terms may be exemplified by a slight change of the 
perspicuous language of Dr. Crawford. ‘* The capacity for 
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containing caloric,” * he observes, “ and the absolute caloric 
contained, are distinguished as a force from the subject upon 
which it operates.. When we speak of the capacily, we mean, 
a power inherent in the heated body; when we speak of the 
absolute caloric, we mean an unknown principle, which is re- 
tained in the body by the possession of this power; and when 
we speak of the ¢emperature, we consider the unknown prin- 
ciple as producing certain effects upon the thermometer.” 
. As the capacities of bodies determine their relative quan- 
tities of caloric, it seems reasonable to conclude, that if we can 
ascertain how much caloric a body absorbs or gives out in 
changing its form, and in what proportion its capacity is at 
the same time altered, we may deduce the absolute quantity of 
heat which it contains. Now it will be afterwards shown that 
the heat, evolved by water in freezing, is equal to 140°; and 
the capacity of water has been stated to bear to that of ice the 
proportion of 10 to9. Water, then, in becoming ice, must 
give out ;,th of its whole caloric, and as this amounts to 140°, 
ten times 140 (or 1400°) is the whole quantity of caloric in 
water at the temperature of 32°; and deducting 140 from 
1400, we have 1260° for the caloric contained in the ice itself, 
This method of determining the problem seems, however, to 
me, to be liable to several objections, which it would take up 
too much room to state in this place, and-which I have else- 
where urged at considerable Jeneth.t Nor does it appear 
that any other mode of investigation, yet proposed, is capable 
of giving us approximations to the truth that are more to be 
relied on; for enormous differences as to the absolute xero, or 
point of total privation of heat on the thermometric scale, 
have resulted from the inquiries of different philosophers, 
showing that we still want the data essential to such an inves- 
tigation. F | 

These gencral observations I have deemed it necessary to 
make, with a view of connecting together the propositions 
respecting caloric, and the experiments illustrating them, that 
form the subject of the following sections. ‘The inquiry re- 
specting heat is one which presents a boundless field for in- 


* Dr, Crawford on Heat, p. 8. 
+ Manchester Memoirs, v.; or Phil, Mag. 
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teresting’ speculation ; and it would have been easy to have 
extended very considerably the discussion of its nature and — 
properties. But in this work, I have no farther object than 
to lead the student, by easy steps, to a knowledge of what has 
been actually determined by experiment, or str rietly and legi- 
timately deduced from it. 


nec GB 
SECTION II. 


Illustrations of the Effects of Free Caloric. 


I. Caloric expands all bodies—The expansion of liquids is 
shown by that of the mercury of a thermometer, or by im- 
mersing in hot water a glass matrass (pl. i. fig. 4), filled, up 
to a mark in the neck, with spirit of wine, tinged with any 
colouring substance. ‘The spirit expands immediately when 
heated, and would overflow if not placed in a cooler situation. 
The degree of expansion produced in different liquids, by 
similar elevations of temperature, varies very considerably. 
Thus, water expands much more than mercury, and alcohol 
more than water. ‘This difference of expansibility is even 
sufficiently striking to appear in a remarkable degree, when 
we immerse, in water heated to 150%, three equal glass vessels 
of the shape of thermometer tubes, containing the one mer- 
cury, the other water, and the third spirit of wine. The 
spirit will begin to escape from the aperture of the vessel, 
before the mercury has ascended far in the stem.* The ex- 
pansion of aériform bodies is shown, by holding, near the fire, 
a bladder half filled with air, the neck of which is closely tied, 
so as to prevent the enclosed air from escaping. The bladder 
will soon be fully distended, and may even be burst by con- 
tinuing and increasing the heat. All aériform bodies when 
deprived of moisture, and even condensible vapours, when not 
in contact with the liquids from which they have been produced, 
undergo the same expansion or contraction, at all tempera- 
tures hitherto tried, by similar additions or subtractions of 


* See a table of the expansion of liquids in the Appendix. 
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heat. This, for a single degree of Fahrenheit’s thermometer, 
is =1, part of their bulk, between 32° and 212°, as first deter- 
mined by Mr. Dalton, and afterwards confirmed by Gay — 
Lussac. At a cherry red heat (= about 1035° Fahr.) Sir H. | 
Davy found that a volume of air = 1 at 212° Fahr., became 
2.5 volumes. (On Flame, p. 68). 

The expansion of solids may be made apparent by. heating 
a rod of iron, of such a length as to be included, when cold, 
between two points, and the diameter of which is. such, as 
barely to allow it to pass through aniron ring. When heated, 
it will have become sensibly longer; and it will be found in- 
capable of passing through the ring. This property of metals 
has been applied to the construction of. an instrument for 
measuring temperature, called a pyrometer, a neat and distinct 
representation of which is given in the first volume of “ Che- 
mical Conversations.” On the same principle, M. Bréguet 
has constructed a very sensible metallic thermometer. (Ann. de 
Chim. et Phys. v. 312). It consists of a slip of silver and 
another of platina coiled into a spiral, one end of which is 
fixed, while the other is connected with an_ index. which 
traverses a circular graduated plate. This instrument is ca- 
pable not only of measuring, distinctly, variations of tempera- 
ture too slight to be shown by a common thermometer, but 
also of being affected by changes too transient to be perceived 
even by an air thermometer. Mr. Daniell has, also, availed 
himself of the same property of expansion, in constructing a 
thermometer for measuring high degrees of heat. A bar of 
platina is inclosed in a case made of the same ware as black 
lead crucibles, and is fixed to it at one end, while the other is 
left free to “move an index, by which means degrees of heat 
above ignition admit of being accurately measured. (Jour. of 
Science, xi. 309). 

The degree of expansion is not the same for all solids, and 
even differs materially in substances of the same class. Thus, 
the metals expand in the following order, the most expansible 
being placed first; zinc, lead, tin, copper, bismuth, iron, steel, 
antimony, palladium, platina.* The experiments of Dr. Ure 
(Phil. Trans. 1818), tend to show that equal degrees of expan- 


* See the table in the Appendix. 
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sion are produced in a bar of metal, by a succession of similar 
increments of heat. Thus if the absolute elongation of a me- 
tallic rod heated from 32° to 122°, be called 10, then its elon- 
gation, by each of four successive intervals of 90° Fahr., was, 
as nearly as possible, 10 also. 

All bodies, after being heated, return again, on cooling, 
precisely to their former dimensions. 

Theexpansion of metals produces important effects in various 
mechanical instruments, especially in clocks; for a pendulum 
vibrating seconds will, by a change of temperature equal to 
30° F ahr. alter its length about =;!4 part, which is sufficient to 
change its rate of going eight seconds of time per day. To 
obviate this inconvenience, various contrivances have been re 
sorted to, which are described in works on practical horology. 

To the general law of the expansion of bodies by heat and 
their contraction by cold, there are, however, several excep- 
tions. Water by freezing is considerably increased in bulk ; 
salts in the act of crystallizing expand; and some of the 
metals, as cast iron, bismuth, and antimony, have their dimen- 
sions enlarged by congealing; but mercury and other metals 
follow the general law, and occupy Jess bulk when solid than 
when fluid. 

II. Construction of the thermometer founded on the principle 
of expansion.—The thermometer is an instrument of so much 
importance, that it may be expedient to explain the construc- 
tion of the different kinds which are required in chemical re- 
searches. . 

The instrument employed by Sanctorio, to whom the in- 
vention of the thermometer is generally ascribed, was of a very 
simple kind, and measured variations of temperature by the 
variable expansion of a confined portion of air. ‘To prepare 
this instrument, a glass tube (pl. i. fig. 9) is to be provided, 
eighteen inches long, open at one end, and blown into a ball 
at the other. On applying a warm hand to the ball, the in- 
cluded air expands, and a portion is expelled through the 
open end of the tube. In this state, the aperture is quickly 
immersed in a cup filled with any coloured liquid, which 
ascends into the tube, as the air in the ball contracts by cooling. 
The instrument is now prepared. An increase of temperature 
forces the liquor down the tube; and, on the contrary, the 
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application of cold causes its ascent.’ These effects may be 
exhibited alternately by applying the hand to the ball, and 
then blowing on it with a pair of bellows. By the application 
of a graduated scale, the amount of the expansion may be 
measured. 

The ball of the above instrument, it must be obvious, cannot 
be conveniently applied to measure the temperature of liquids. 
For adapting it to this purpose, a slight variation may be 
made in its construction, as represented fig. 8, a. To prepare 
this instrument, a small spherical glass vessel is to be about 
one 6th or one 4th filled with any coloured liquid. The tube, 
open at both ends, is then to be cemented into the neck, with 
its lower aperture beneath the surface of the fluid. The ex- 
pansion of the included air drives the liquid up the stem, to 
which we may affix a graduated scale, corresponding with that 
of a common mercurial thermometer. Other modifications 
have also been made by different philesophers. One of the 
most useful and simple forms is represented fig, 8, . It con- 
sists merely of a tube of very small bore, from 9 to 12 inches 
long, at one end of which is blown a ball, from half an inch 
to an inch in diameter, which is afterwards blackened by paint, 
or by the smoke of a candle. A small column of coloured 
liquid, about an inch in length, is then introduced, by a ma- 
nipulation similar to that already described. ‘To fit the instru- 
ment for use, this column ought to be stationary, about the 
middle of the tube, at the common temperature of the at- 
mosphere. ‘The slightest variation of temperature occasions 
the movement of the coloured liquid; and a scale of equal 
parts measures the amount of the effect. 

An insuperable objection, however, to the air thermometer, 
as thus constructed, is, that it is affected, not only by changes 
of temperature, but by variations of atmospheric pressure. Its 
utility consists in the great amount of the expansion of air, 
which, by a given elevation of temperature, is increased in 
bulk above twenty times more than mercury. Hence it is 
adapted to detect minute changes, which the mercurial ther- 
mometer would scarcely discover; and its expansions being 
uniform for equal additions of heat, it is better adapted than 
any liquid for becoming, when properly applied, an accurate 
measure of temperature, 
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An important modification of the air thermometer has been 
invented by Mr. Leslie, and employed by him, with: great 
advantage, in his interesting researches respecting heat. ‘To 
this instrument he has given the name of the Differential 
Thermometer. Its construction is as follows: ‘© Two glass 
tubes of unequal length, each terminating in a hollow ball, 
and having their bores somewhat widened at the other ends (a 
small portion of sulpburic acid, tinged with carmine, being 
introduced into the ball of the longer tube), are joined toge- 
ther by the flame of a blow-pipe, and afterwards bent nearly 
into the shape of the letter U (see fig. 7), the one flexure 
being made just below the joining, where the small cavity 
facilitates the adjustment of the instrument. ‘This, by a little 
dexterity, is performed, by forcing, with the heat of the hand, 
a few minute globules of air from the one cavity into the other. 
The balls are blown as equal as the eye can judge, and from 
four 10ths to seven 10ths of an inch diameter. ‘The tubes are 
such as are drawn for thermometers, only with wider bores ; 
that of the short one, to which the scale is affixed, must have 
an exact calibre of a 50th, or a 60th, of an inch. The bore 
of the long tube need not be so regular, but should be visibly 
larger, as the coloured liquid will then move quicker under 
any impression. Each leg of the instrument is from three to 
six inches in height, and the balls are from two to four inches 
apart. 

«A moment’s attention to the construction of this instru- 
ment will satisfy us, that it is affected only by the difference of 
heat in the corresponding balls; and is calculated to measure 
such difference with peculiar nicety. As long as both balls 
are of the same temperature, whatever this may be, the air 
contained in both will have the same elasticity, and, conse- 
quently, the intercluded coloured liquor, being pressed equally 
in opposite directions, must remain stationary. But if, for 
instance, the ball which holds a portion of the liquor be 
warmer than the other, the superior elasticity of the confined 
air will drive the liquid forwards, and make it rise, in the 
opposite branch, above the zero, to an elevation proportional 
to the excess of elasticity, or of heat.” The amount of the 
effect is ascertained by a graduated scale, the interval between 
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freezing and boiling being distinguished into 100 equal de- 
grees. This instrument, it must be obvious, cannot be ap- 
plied to measure variations in the temperature of the sur- 
rounding atmosphere, for the reason already assigned. It is 
peculiarly adapted to ascertain the difference of the temper- 
atures of two contiguous spots in the same atmosphere ; for 
example, to determine the heat in the focus of a reflector. 

A differential thermometer has been contrived by Dr. 
Howard, resembling that of Mr. Leslie in its general form, 
but in which the degree of heat is measured by the expansive 
force of the vapour of ether or spirit of wine zz vacuo. Directions 
for constructing it are given in the 8th volume of the Quarter- 
ly Journal of Science, p. 219. It is intended to be applied to 
the same purposes as that of Mr. Leslie, but is more sensible 
to changes of temperature, and the movement of the fluid 
(ether tinged by a drop of tincture of cochineal), follows in- 
stantaneously the application of the heating cause, whereas in 
the air thermometer some time ‘is required before the effect 
takes place. 

Thermometers, filled with spirit of wine (a liquid which has 
not been congealed by any degree of cold hitherto produced), 
are best adapted to the measurement of very low temperatures, 
at which mercury would freeze. The amount of the expan- 
sion of alcohol, also, which exceeds that of mercury above 
eight times, fits it for ascertaining very slight variations of 
temperature. But it cannot be applied to measure high de- 
grees of heat; because the conversion of the spirit into vapour 
would burst the instrument. i. 

The fluid, best adapted for filling thermometers, is mercury, 
which, though it expands less in amount than air, or alcohol, 
still undergoes this change to a sufficient degree; and, in con- 
sequence of its difficult conversion into vapour, may be ap- 
plied to the admeasurement of more elevated temperatures. 
As a considerable saving of expense will accrue to the experi- 
mentalist, who is able to construct mercurial thermometers, 
I shall offer some rules for this purpose. In general, however, 
I should deem it preferable merely to superintend their con- 
struction, and to be satisfied, by actual inspection, that the 
necessary accuracy is observed; because much time must be 
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unavoidably lost, in acquiring the manual skill which is essen- 
tial to construct them neatly. 

Thermometer tubes may be had at the glass-house, and of 
various philosophical instrument makers. In purchasing them, 
those should be rejected that are not hermetically sealed at 
both ends; because the smallest condensation of moisture, 
which must take place when air is freely admitted within the 
tube, is injurious to the accuracy of the instrument. A small 
bottle of elastic gum should be provided, in the side of which 
a brass valve is fixed, or a piece of brass perforated by a 
small hole, to be occasionally stopped by the finger. A blow- 
pipe is also an essential part of the apparatus; aud, in addi- 
tion to one of the ordinary kind, it will be found useful to 
have one which is supplied with air by a pair sy double bel- 
lows, worked by the foot. 

Before proceeding to the construction of the thermometer, 
it is necessary to ascertain, that the tube is of equal diameter 
in different parts. ‘This is done.by breaking off both of the 
sealed ends, immersing one of them an inch or two deep in 
clean and dry mercury, and then closing the other end with 
the finger. On withdrawing the tube from the mercury, a 
small column of that fluid remains in it, the length of which 
is to be examined, by laying the tube horizontally on a gra- 
duated ruler.* By inclining the tube, this column may be 
gradually moved through its whole length; and if the tube 
be of uniform bore, it will measure the same in every part. 
Such a degree of perfection, however, is scarcely ever to be 
observed throughout tubes of considerable length; but, in 
general, a portion of the tube will be found perfect, of suffi- 


cient length for a thermometer, and this part is to be 


broken off. 

On one end of the tube let the neck of the elastic bottle be 
firmly tied; and let the other end be heated by. the flame of 
the blow-pipe, till the glass softens. ‘The softened part must 
then be pressed, by a clean piece of metal, into the form of a 


* If the tube be of an extremely small bore, the mercury will not enter, 
and must be drawn in by the action of the elastic bottle, and not by the 
mouth. 


at: 
a 
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rounded button; and to this the flame of the lamp must be 
steadily applied, till it acquires a white heat, and seems about 
to enter into fusion. To prevent its falling on one side, the 
tube, during this time, must be constantly, turned round by 
the hand. “When the heated part appears perfectly soft, re- 
move it quickly from the lamp, and, holding the tube verti- 
cally, with the elastic bottle uppermost, press this last gently 
with the hand. The ‘glass will be blown into a small ball, but 
not into one sufficiently thin for the purpose. To this the 
flame of the lamp must again be applied, turning it quickly 
round; and, on a second or third repetition of the process 
of blowing, the ball will be completely formed. The propor- 
tion of the. size of the ball to the bore of the tube can 1 only 
be learned by some experience. 

To fill the ball, which has been thus formed, with mercury, 
the air must first be expelled by holding it over the flame of 
an Argand’s lamp, and then quickly immersing the open end 
of the tube in very clean and dry quicksilver. As the ball 
cools, the mercury will ascend, and will partly fill it. Let a 
paper funnel be tied firmly over the open end of the tube; 
into this pour a small portion of quicksilver, and apply the 
heat of the lamp to the ball. Any remaining portion of air 
will thus be expelled; and if the heat be eisai so as to boil 
the mercury, the ball and stem will be filled with mercurial 
vapour, the condensation of which, on removing the ball 
from the lamp, will occasion a pretty complete vacuum. Into 
this vacuum, quicksilver will descend from the paper cone} 
and the instrument will be completely filled. But for the pur- 
_ pose of a thermometer, it is necessary that the mercury should 
~ rise only to a certain height of the stem; and a few drops 
may, therefore, be expelled by cautiously applying the heat 
of the lamp. To estimate whether the proper quantity of 
quicksilver has been left in the instrument, immerse the ball 
first in ice-cold water, and then in the mouth. The space 
between these two points will comprise about 64°, or rather 
more than one third of the whole space between the freezing | 
and boiling points of water. If the empty part of the tube ex- 
ceeds, in length, about three times the portion thus filled by 
the expanded quicksilver, we may proceed (when an instru-_ 
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ment is wanted with a scale including only from 32° to 212°) 
to seal it hermetically, which is done as follows: The part to 
be sealed is first heated with the blow-pipe, and drawn out 
to a fine capillary tube ; the bulb is then heated, till a few par- 
ticles of quicksilver have fallen from the top of the tube: at 
this moment, the flame of another candle is directed, by the 
blow-pipe, on the capillary part of the tube, the candle is 
withdrawn from the ball, and the tube is sealed, at the instant 
when the mercury begins to descend. If this operation has 
been skilfully performed, so as to leave no air in the tube, the 
whole of the tube should be filled with quicksilver on holding 
the instrument with the ball uppermost. 

To have very large degrees, the ball must bear a consider- 
able proportion to the tube; but this extent of scale cannot 
be obtained without sacrificing, in some measure, the sensibi- 
lity of the instrument.* The whole of the process of construct- 
ing thermometers neatly and accurately is connected with the 
possession of manual skill, which practice only can confer; 
and it is scarcely possible, without the most tedious minute- 
ness, to describe all the necessary precautions and manipula- 
tions. These will readily suggest themselves to a person who 
carries the above instructions into effect. 

In graduating thermometers, the first step consists in taking 
the two fixed points. The freezing point is ascertained, by 
immersing, in thawing snow or ice, the ball and part of the 
stem; so that the mercury, when stationary, shall barely ap- 
pear above the surface. At this place let a mark be made 
with a file. In taking the boiling point, considerable caution 
is required; and, for reasons which will afterwards be stated, 
attention must be paid to the state of the barometer, the | 
height of which, at the time, should be precisely 29.8. <A 
tin vessel is to be provided, (for, according to Gay Lussac,t 
one of glass leads to erroneous results,) four or five inches 
ionger than the thermometer, and furnished with a cover, in 


* Directions for constructing thermometers of great sensibility are given 
by the Chevalier Landriani, in the 7th volume of the Journal of Science, 
p- 183. 


+ 82 An. de Ch, 174, and 7 An. de Ch. et Phys. 307. 
voL.I. 4 H 
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which are two holes. Through one of these, the thermometer 
stem must be passed (the bulb being within the vessel,) so that 
the part, at which the boiling point is expected, may be just 
in sight. The other hole may be left open; and the cover 
being fixed in its place, the vessel, containing a few inches of 
water at the bottom, is to be set on the fire. ‘The thermo- 
meter will presently be wholly surrounded by steam; and 
when the mercury becomes stationary in the stem, its place 
must be marked. The scale of Fahrenheit is formed by trans- 
ferring the intermediate space to paper by a pair of compasses, 
and dividing it into 180°, the lowest being called 32°, and the 
highest 212°. The scale of other countries, however, differs 
considerably ; but these variations do not prevent the com- 
parison of observations with different instruments, when the 
freezing and boiling points of water are agreed upon as fixed 
data. In the Pepeiud rules will be given for conver ting the 
degrees of other scales to that of F Wirenbett 

III. The dilatations and contractions of the fluid in the mer- 
* curial thermometer, are nearly proportional to the quantities of 
caloric, which are communicated to the same homogeneous bodies, 
or separated from them, so long as thea oy retain the same 
form. . 

Thus a quantity se caloric; required to raise a body 20° in 
temperature, by the mercurial thermometer, is nearly double 
that which is required to raise it 10°. Hence there appears 
to be a pretty accurate proportion between the increments or 
decrements of heat, and the increments or decrements of 
expansion in the mercury of a thermometer. On this prin- 
ciple, if equal quantities of hot and ccld water be mixed to- 
gether, and a thermometer be immersed in the hot water, and 
also in the cold, previously to the mixture, the instrument 
‘should point, after the mixture, to the arithmetical mean, or 
to half the difference of the separate heats, added to the less 
or subtracted from the greater. ‘This will be proved to be 
actually the fact, by the following experiment. Mix a pound 
of water at 172° with a pound at 32°. Half the excess of the 
caloric. of the hot water will pass to the colder portion ; that 
is, the hot water will be cooled 70°, and the cold will receive 
70° of temperature; therefore 172—70, or $2 + 70 = 102, 


* 
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will give the heat of the mixture. To attain the arithmetical 
mean exactly, several precautions must be observed.* 

The experiments of De Luc, however, have shown, that 
the ratio of expansion does not, strictly, keep pace with the 
actual increments of temperature; and that the amount of 
the expansion increases with the temperature. Thus if a 
given quantity of mercury, in being heated from 32 to 122°, 
the first half of the scale, be expanded 14 parts, in being 
raised from 122 to 212", the higher half, it will be expanded 
15 parts. 

From the inquiries of Mr. Dalton, it appears to follow, 
that the irregularity of the expansion of mercury is even con- 
siderably greater than has been stated by De Luc. By the 
common mercurial thermometer, we cannot ascertain the true 
rate of expansion in quicksilver; for it must be obvious that 
the enlarged capacity of the glass ball, in which it is contain- 
ed, must considerably affect the result. If the capacity of the 
ball remained unaltered, we should then be able to determine 
the actual rate of expansion; but by an increase of tempera- 
ture its capacity is enlarged, and space is thus found, within 
the ball, for the expansion of that mercury, which would other- 
wise be driven into the tube. By knowing the rate of expan- 
sion in glass itself, we can correct this error: but a small 
mistake in this datum will lead us considerably wrong as to 
the true expansion of quicksilver. The real expansion of 
mercury in glass is greater than the apparent, by the expan- 
sion of the glass itself. 

Making ind correction for this circumstance, Mr. Dalton 
has been Jed to conclude from his experiments, that notwith- 
standing the apparent diversities of expansion in different 
fluids, they all actually expand according to the same law; 
viz. that the quantity of expansion is as the square of the tem- 
perature from thew respective freezing points, or from their 
points of greatest density. If then a thermometer be con- 
structed, with degrees corresponding to this law, they will be 
found to differ very considerably from those of the common 
mercurial thermometer, in which the space between freezing 


* See Crawford on Animal Heat, p. 95, &c. 
H 2 
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and boiling is divided into 180 equal parts. In the Appendix 
will be found a table showing the correspondence between 
the old scale and the new one constructed on Mr. Dalton’s 
principle. 

The view which has been taken by Mr. Dalton of the ther- 
mometer, has drawn the attention of Dr. Ure,* and of M. M. 
Petit and Dulong,+ to the same subject. ‘The former con- 
cludes from his experiments, that taking three thermometric 
intervals from 32° Faht. upwards, each of 180°, mercury 
has actually an increasing rate of expansion, and that 60 parts 
at 572° are expanded as much by the same power of caloric, 
as 61 parts at 892°, and 62 parts at 212°. But this small 
difference, he observes, is compensated by the lessening quan- 
tity of quicksilver in the bulb of a thermometer at high tem- 
peratures, in consequence of which the mercurial thermometer 
becomes a true measurer of sensible heat. Petit and Dulong, 
also, satisfied themselves that the expansibility of mercury 
slowly increases as the temperature augments. J'rom 32° to 
212°, it is scarcely appreciable, and corresponds with the 
expansion of air, which they take for granted to be perfectly 
equable. The following Table exhibits the dilatation of mer- 
cury for a degree centigrade at the various temperatures (all 
centigrade}) indicated in the first column of the table, and 
measured by an air thermometer. 


Temperatures Expansion of Temp. indicated 
Mercury. by the dilatations 
of the mercury sup- 
posed uniform. 


ORY am caitereene 2 Wi hinsade DIDO 
JOO? covicwuccs be Tee cette sil. Gee nod 000e 
BOO si 5 oo ee SR aiaws el een 204 ee 
GOO si wes Gs CW pele relies ee aoe 


Comparing the numbers in the first and last columns, it 


* Phil. Trans, 1818. t+ Annals of Philos. vol. xii. 

t To convert centigrade degrees into those of Fahr. double them,. then 
deduct one tenth, and add the constant number 82. Thus 18° centigrade 
x 2 = 36, from which j}; subtracted leaves 32.4, and to this adding 32, we 
have 64.4, Fahr. 
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appears that up to 100°, the mercurial and air thermometers 
give the same indications; in the second interval, the excess 
of the former over the latter is 4.61°, and in the last interval 
it increases to 14.15°. 

The boiling point of mercury, according to these philoso- 
phers, is 680° Fahr, or, making the due correction for the 
expansion of glass, 662° of Fahr. scale. The experimental 
result of Mr. Crighton of Glasgow, was 656°. 

IV. Uncombined caloric has a tendency to an equilibrium.— 
Any number of different bodies at various temperatures, if 
placed under similar circumstances of exposure, all acquire a 
common temperature. Thus, if in an atmosphere at 60°, we 
place iron filings heated to redness, boiling water, water at 
32°, and various other bodies of different temperatures, they 
will soon affect the thermometer in the same degree. ‘The 
same equalization of temperature is attained, though less 
quickly, when a heated body is placed in the vacuum of an 
air-pump. ‘The rate of cooling in air is to that im vacuo, the 
temperatures being equal, nearly as five to two. 


II. Motion of Free Caloric.—1. Its Radiation.—2. Its Passage 
through Solids and Fluids. 


Caloric escapes from bodies in two different modes.—Part of 
it finds its way through space, independently of other matter, 
and with immeasurable velocity. In this state it has been 
called radiant heat, or radiant caloric. 

Rapiant catonic exhibits several interesting properties. 

1. Its reflection, (a) Those surfaces, that reflect light most 
perfectly, are not equally adapted to the reflection of caloric. 
Thus, a glass mirror, which reflects light with great effect 
when held before a blazing fire, scarcely returns any heat, and 
the mirror itself becomes warm. On the contrary, a polished 
plate of tin, or a silver spoon, when similarly placed, reflects, 
to the hand, a very sensible degree of warmth; and the metal 
itself remains cool. Metals, therefore, are much better re- 
flectors of caloric than glass; and they possess this property, 
exactly according to their degree of polish. 

(b) Caloric is reflected according to the same law that re- 
gulates the reflection of light. This is proved by an interest- 
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ing experiment of M. Pictet; the means of repeating which 
may be attained at a moderate expense. Provide two reflec- 
tors of planished tin (a and J, fig. 45), which may be 12 inches 
diameter, and segments of a sphere of nine inches radius. 
Parabolic mirrors are still better adapted to the purpose; but 
their construction is less easy. Each of these must be fur- 
nished, on its convex side, with the means of supporting it in 
‘a perpendicular position on a proper stand. Place the 
mirrors opposite to each other on a table, at the distance 
of from six to 12 feet. Or they may be placed in a ho- 
rizontal position, as represented in the wood cut given at 
page 83, an arrangement in some respects more convenient. 
In the focus of one, let the ball of an air thermometer, c, or 
(which is still better) one of the balls of a differential ther- 
mometer, be situated; and in that of the other, suspend a 
ball of iron, about four ounces in weight, and heated below 
ignition, or a small matrass of hot water, d; having previously 
interposed a screen before the thermometer. Immediately on 
withdrawing the screen, the depression of the column of 
liquid, in the air thermometer, evinces an increase of tem- 
perature in the instrument. In this experiment, the caloric 
flows first from the heated ball to the nearest reflector; from 
this it is transmitted, in parallel rays, to the surface of the 
second reflector, by which it is collected into a focus on the 
instrument. ‘This is precisely the course that is followed by 
radiant light; for if the flame of a taper be substituted for the 
iron ball, the image of the candle will appear precisely on that 
spot (a sheet of paper being presented for its reception) where 
the rays of caloric were before concentrated. 

(c) When a glass vessel, filled with ice or snow, is substi- 
tuted for the heated ball, the course of the coloured liquid in 
the thermometer will be precisely in the opposite direction; 
for its ascent will show, that the air in the ball is cooled by this 
arrangement. ‘This experiment, which appears, at first view, 
to indicate the reflection of cold, presents, in fact, only the 
reflection of heat in an opposite direction; the ball of the 
thermometer being, in this instance, the hotter body. ‘ And 
since heat emanates from bodies in quantities greater as their 
temperature is higher, the introduction of a cold body into 
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the focus of one mirror, necessarily diminishes the tempera- 
ture of a thermometer in the focus of the other, in the same 
manner as a black body placed in the focus of the one would 
diminish the quantity of light in the focus of the other.” * 

(dz) In Mr. Leslie’s “‘ Enquiry into the Nature, &c. of 
Heat,” a variety of important experiments are detailed, which 
show the influence of covering the reflectors with various sub- 
stances, or of mechanically changing the nature of their sur- 
faces, on their power of returning caloric. 

_.2. Caloric is refracted, also, according to the same law that 
regulates the refraction of light. This interesting discovery 
_ we owe to Dr. Herschell, whose experiments and apparatus, 
hawever, cannot be understood without the assistance of a 
plate. or this reason, I refer to his paper in the 90th vol. 
of the Philosophical Transactions, or in the 7th vol. of the 
Philosophical Magazine. 

3. The nature of the surface of bodies has an important in- 
fluence over their power of radiating caloric. 

To exhibit this influence experimentally, let a canister of 
planished block tin, forming a cube of six or eight inches, be 
provided, having an orifice at the middle of its upper side, 
from half an inch to an inch diameter, and the same in height. 
This orifice is intended to receive a cap having a small hole, 
through which a thermometer is inserted, so that its bulb may 
reach the centre of the canister. Let one side of the canister 
be covered with black paint; destroy the polish of another 
side, by scratching it with sand-paper; tarnish a third with 
quicksilver; and leave the fourth bright. Then fill the vessel 
with boiling water. The radiation of caloric from the black- 
ened side is so much more abundant than from the others, as 
to be even sensible to the hand. Place it before a reflector 
(fig. 45), in lieu of the heated iron ball already described. 
The thermometer, in the focus of the second reflector, will 
indicate the highest temperature, or most copious radiation of 
caloric, when the blackened side is presented to the reflector ; 
less when the tarnished or scratched side is turned towards it; 
and least of all from the polished side. 


* Davy’s Chem, Philos. p. 206. ? 
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These varieties in the radiating power of different surfaces, 
are attended, as might be expected, with corresponding va- 
riations in the rate of cooling. If water in a tin vessel, all of 
whose sides are polished, cools through a given number of de- 
grees in eighty-one minutes, it will descend through the same 
number in seventy-two minutes, if the surface be tarnished 
with quicksilver. Water, also, enclosed in a clean and po- 
lished tin ball, cools about twice more slowly than water in 
the same ball covered with oiled paper. Blackening the sur- 
face with paint, or even a thin coat of varnish, on the same 
principle, accelerates greatly the rate of cooling. These facts 
teach us, that vessels, in which fluids are to be long kept hot 
should have their surfaces brightly polished; and they ex- 
plain among other things, the superiority of metallic tea-pots 
over those of earthen ware. 

5. Radiant caloric is absorbed with different facility by dif- 
ferent surfaces. This is only stating, in other terms, that sur- 
faces are endowed with various powers of reflecting caloric; 
since the power of absorbing caloric is precisely opposite to 
that of reflecting it. Hence the best reflectors of heat will 
absorb the least. It may be proper, however, to offer some 
illustrations of the principle under this form. 

(a) Expose the bulb of a sensible thermometer to the direct 
rays ofthe sun. Ona hot summer’s day it will probably rise, 
in this climate, to 108°.* Cover it with Indian ink, and 
again expose it in a similar manner. During the evapora- 
tion of the moisture it will fall; but as soon as the coating 
becomes dry, it will ascend to 118°, or upwards, of Fahrenheit, 
or 10° higher than when uncovered with the pigment. This 
cannot be explained, by supposing that the black coating is 
gifted with the power of retaining caloric, and preventing its 
escape; because from experiments already related, it appears, 
that a similar coating accelerates the cooling of a body to which 
it is applied. 

(4) Colour has considerable influence over the absorption 
ofcaloric. ‘This is shown by the following very simple expe- 
riment of Dr. Franklin. 


* Watson’s Essays. v. 193. 
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On a winter’s day when the ground is covered with snow, 
take four pieces of woollen cloth, of equal dimensions but of 
different colours, viz. black, blue, brown, and white, and lay 
them on the surface of the snow, in the immediate neighbour- 
hood of each other. In a few hours, the black cloth will have 
sunk considerably below the surface; the blue almost as much ; 
the brown evidently less; and the white will remain precisely 
in its former situation. ‘Thus it appears, that the sun’s rays 
are absorbed by the dark coloured cloth, and excite such a 
durable heat, as to melt the snow underneath ; but they have 
not the power of penetrating the white. Hence the prefer- 
ence, generally given to dark coloured cloths during the win- 
ter season, and to light coloured ones in summer, appears to 
be founded on reason. 

_(c) This experiment has been varied by Sir H. Davy, in a 
manner which may be repeated at any season of the year. 
Take six similar pieces of sheet copper, each about an inch 
square, and colour the one white, another yellow, a third red, 
the fourth green, the fifth blue, and the sixth black. On the 
centre of one side of each piece, put a small portion ofa mix- 
ture of oil and wax, or cerate, which melts at about 76°. 
Then expose their coloured surfaces, under precisely equal 
circumstances, to the direct rays of the sun. The cerate on 
the black plate will begin to melt perceptibly before the red ; 
the blue next; then the green and the red; and, lastly, the 
yellow. The white will scarcely be affected, when the black 
is in complete fusion. 


Caloric passes, also, but much more slowly, through solid 
and liquid bodies, which are then termed conpucrors of 
caloric. | 

1. Solid bodies convey heat in all directions, upwards, 
downwards, and laterally; as may be shown, by heating the 
middle of an iron rod, and holding it in different directions. 

2. Some bodies conduct caloric much more quickly than 
others. Coat two rods, of equal length and thickness, the 
one of glass, the other of iron, with wax, at one end of each 
only; and then apply heat to the uncoated ends. The wax 
will be melted vastly sooner from the end of the iron rod, than 
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from the glass one; which shows, that iron conducts heat 
more quickly than glass. 

Even the different metals possess very different powers of 
conducting caloric. An approximation to the degree in which 
they possess this property, may be attained by the following 
method, originally employed by Dr. Ingenhouz. Procure se- 
veral solid cylinders, or rods, of the same size and shape, but 
of different metals. They may be six inches long, and one 
4th of an inch in diameter. Coat them, within about an inch 
of one end, with bees-wax, by dipping them into this sub- 
stance when melted, and allowing the covering to congeal. 
Let an iron heater be provided, in which small holes have 
been drilled, that exactly receive the clean ends of the cylin- 
ders. After heating it below ignition, insert the cylinders in 
their places. The conducting power may be estimated by the 
length of wax coating melted from each in a given time. Ac- 
cording to the experiments of Dr. Ingenhouz, the metals may 
be arranged in the following order: Silver possesses the high- 
est conducting power; next gold; then copper and tin, which 
are nearly equal; and, below these platina, iron, steel, and 
lead, which are greatly inferior to the rest. 

It is chiefly owing to the different conducting powers of 
bodies, that they affect us, when we touch them, with different 
sensations of cold. Thus, if we apply the hand in succession 
to a number of bodies (as a piece of wood, another of marble, 
&c.), they appear cold in very different degrees. And as this 
sensation is occasioned by the passage of caloric out of the 
hand into the body which it touches, that body will feel the 
coldest, which carries away heat the most quickly; or which, 
in other words, is the best conductor. For the same reason, 
of two bodies which are heated to the same degree, and both 
considerably above the hand, the best conductor is the hottest 
to the touch. Thus the money in our pockets often feels hotter 
than the clothes which contain it. . 

3. Liquid and aériform bodies convey heat on a different 
principle from that observed in solids, viz. by an actual change 
in the situation of their particles. That portion of the fluid, 
which is nearest to the source of heat, is expanded, and be- 
coming specifically lighter, ascends, and is replaced by a 
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colder portion from above. This, in its turn, becomes heated 
and dilated, and gives way to a second colder portion; and 
thus the process goes on, as lung as the fluid is capable of im- 
bibing heat. 2 

(a) Take a glass tube, eight or ten inches long, and about 
an inch indiameter. Pour into the bottom part, for about the 
depth of an inch, a little water tinged with litmus, and then 
fill up the tube with common water, pouring on the latter ex- 
tremely gently, so as to keep the two strata quite distinct. If 
the upper part of the tube be first heated, the coloured liquor 
will remain at the bottom; but if the tube be afterwards heated 
at the bottom, the infusion will ascend, and will tinge the 
whole mass of fluid. 

(4) Into a cylindrical glass jar, four inches diameter, and 
1Z or 14 deep, let a circular piece of ice be fitted 34 inches 
thick, and of rather less diameter than the jar. Or water may 
be poured into the jar to the depth of 34 inches, and allowed 
to congeal by exposure to a freezing atmosphere, or by sur- 
rounding it with a mixture of snow and salt. The ice is to 
be secured in its place by two slips of wood, crossing each 
other like two diameters of a circle, set at right angles to each 
other. Pour, over the cake of ice, water of 32° temperature, 
to the depth of two inches; and on its surface let there float a 
shallow circular wooden box, perforated with holes. From 
the cock of a tea-urn, filled with boiling water, and raised so 
that its spout may be above the top of the jar, suspend a num- 
ber of moistened threads, the lower ends of which must rest 
on the surface of the box. By this arrangement, when the 
cock is turned, the hot water will trickle down the threads, 
and will have its fall considerably broken. It will then spread 
over the surface of the box, and pass through the perforated 
holes to the cold water beneath, over which it will float with- 
out mixing with it. Let the jar be thus completely filled with 
hot water. The ice will remain unmelted for several hours at 
the bottom of the vessel. w- 

(c) Fill a similar jar with hot water; and, having provided 
a cake of ice, of equal size with the former one, let it be placed 

on the surface of the water. In about three minutes, the 
‘ whole will be melted. Both these experiments are more 
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striking, if the water, used for forming the cakes of ice, be 
previously coloured with litmus; for, in the latter experi- 
ment, the descending currents of cold water are thus made 
apparent. 

(d) These experiments may be varied, by freezing, in the 
bottom of a tube one inch wide, a portion of water, abonit two 
inches in depth. ‘Then fill the tube with water of the com- 
mon temperature, and hold it inclined over an Argand’s lamp, . 
so that the upper portion only of the tube may be heated. 
When thus disposed, the water may be made to boil violently 
at the surface, and yet the ice will not be melted. But if the 
experiment be reversed, and (the ice floating on the surface) 
heat be applied to the bottom of the tube, the ice will be li- 
quefied in a few seconds. 

(e) Substituting water of the temperature of 41° for the boil- 
ing water used in experiment (c), Count Rumford found, that, 
in a given time, a much greater quantity of ice was melted 
by the cooler water. This appears, on first view, rather pa-_ 
radoxical. The fact, however, is explained by a remarkable 
property of water, viz. that when cooled below 40° it ceases 
to contract, and experiences, on the contrary, an enlargement 
of bulk. Water, therefore, at 40° (at the bottom of which is 
a mass of ice at 32°), is cooled by contact with the ice, and 
is expanded at the same moment. It therefore ascends, and 
is replaced by a heavier and warmer portion from above. 

It is in consequence of the same property that the surface 
of a deep lake is sometimes covered with ice, even when the 
water below is only cooled to 40°; for the superficial water is 
specifically lighter than the warmer water beneath it, and re- 
tains its place, till it is changed into ice. This property of 
water is one of the most remarkable exceptions to the law, 
that bodies are expanded by an increase, and contracted by 
a diminution, of temperature. 

From these facts, Count Rumford concluded, that water is 
a perfect non-conductor of caloric, and that it propagates ca- 
loric in one direction only, viz. upwards, in consequence of the 
motions which it occasions among the particles of the fluid. 
The Count inferred also, that if eee motions could be sus- 
pended, caloric would cease to pass through water; and, with 
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the view of deciding this question, he made the following ex- 
periments, which admit of being easily repeated. A cylin- 
drical tin vessel must previously be provided, two inches in 
diameter, and 21 inches deep, having a moveable cover, per- 
forated with a small aperture, for transmitting the stem of a 
thermometer, which is to be inserted so that its bulb may oc- 
cupy the centre of the vessel. 

(f) Fill this vessel with water of the temperature of the 
atmosphere; let the cover be put in its place; and let the whole 
apparatus, except the scale of the thermometer, be immersed 
in water, which is to be kept boiling over a lamp. Observe 
how long a time is required to raise the water from its tem- 
perature at the outset to 180°, and remove it from its situa- 
tion. Note, also, how long it takes to return to its former 
temperature. 

(g) Repeat the experiment, having previously dissolved in 
the water 200 grains of common starch. ‘The thermometer 
will now require about half as long again to arrive at the same 
temperature. A similar retar ae and to a greater amount, 
is produced by the mixture of eider-down, cotton-wool, and 
various othex substances, which are not chemically soluble in 

water, and which can diminish its conducting power in no 
other way than by obstructing the motion of its ein 

This inference, however, respecting the complete non-con- 
ducting power of water, has been set aside by the subsequent 
inquiries of Dr. Thomson and Dr. Murray, especially by a 
most decisive experiment of the latter. ‘To establish the con- 
ducting power of water, it was justly deemed indispensable, 
that named should be proved to be propagated through that 
fluid downwards. This, on actual trial, it appeared to be ; 
but it was objected, that the sides of the containing vessel 
might be the conductor. To obviate this objection, Dr. 
Murray contrived to congeal water into the form of a jar, ca- 
pable of holding liquids. This was separately filled with lin- 
seed oil and with mercury. Ata proper distance below the 
surface, the bulb of a thermometer was placed; and on the 
surface of the liquid rested a flat iron vessel, containing boil- 
ing water. Under these circumstances, the thermometer in- 
variably rose; and though it ascended only a very few de- 
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orees, yet it must be recollected, that the cooling power of the 
sides of the vessel would effectually prevent any considerable 
elevation of temperature. ‘This experiment, in conjunction 
with others, decisively proves that water is a conductor, 
though a slow or imperfect one, of caloric. 


—— 
SECTION IIL. 


Caloric the Cause of Liquidity. 


Aumost every solid is capable of passing to the fluid state on 
the application of a sufficient degree of heat, which is not the 
same for all solids, but differs for each. In many solids the 
transition to the liquid form is sudden, while others pass 
through various stages of liquidity, before they become com- 
pletely fluid. ‘The metals are examples of the first, and wax 
or tallow of the second kind of liquefaction. In the former 
it is more easy to determine what has been called the fusing 
or melting point, which is constant in the same solid. When 
the natural form of a body is that of a liquid, and it only 
occasionally assumes the solid form, we call the temperature 
at which it is solidified the freezing or congealing point ; and 
this is also constant in the same liquid, but different in va~ 
rious liquids, as will more clearly appear from the following 
examples. 

I. The temperature of melting snow, or of rhalvikee 4 ice, 2s 
uniformly the same at all times, and in all places.—This may 
be ascertained by the thermometer, which will always, when 
immersed in liquefying ice or snow, point to 32° of Fahren- 
heit, whatsoever may be the height of the barometer, or the 
elevation, above the sea, of the place where the experiment 
is made.* 

II. The sensible heat, or temperature of ice, is not changed by 
liquefaction.—A thermometer in pounded ice stands at 32°, 
and at the very same point in the water which results from 
the liquefaction of ice. 


* Shuckburgh, Philosophical Transactions, Ixix. 
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III. Yet ice, during liquefaction, must absorb much caloric.— 
Expose a pound of water at 32°, and a pound of ice at 32°, in 
a room, the temperature of which is several degrees above the 
freezing point, and uniformly the same during the experi- 
ment. ‘The water will arrive at the temperature of the room, 
several hours before the ice is melted ; and the ice, when first 
melted, will have, as before its liquefaction, the temperature 
of 32°. Yet the ice must, during the whole of this time, 
have been imbibing caloric, because (according to Experi- 
ment IV. § 2.) a colder body can never be in contact with a 
warmer one, without receiving caloric from it. ‘The caloric, 
therefore, which has entered the ice, but is not to be found in 
it by the thermometer, is said to have Lecome latent. As it is 
the cause of the liquefaction of the 1 igey: it is sometimes called 
caloric of fiuidity. 

LV. The quantity of caloric that enters into a pound of ice, 
and becomes latent, during liquefaction, may be learned ly ex- 
riment.—To a pound of water, at 172°, add a pound of ice 
at 32°. The temperature will not be the arithmetical mean 
(202°), but much below it, viz. 32°. All the excess of caloric 
in the hot water has therefore disappeared. From 172° take 
32°; the remainder, 140°, shows the quantity of caloric that 
enters into a pound of ice during liquefaction; that is, as 
much caloric is absorbed by a pound of ice, during its con- 
version into water, as would raise a pound of water from 32° 
touhi7Q°. . 

It is from the property of its uniformly absorbing the same 
quantity of caloric for conversion into water, that ice has been 
ingeniously applied, by Lavoisier and Laplace, to the admea- 
surement of the heat, evolved in certain operations. Let us 
suppose the body (from which the caloric, evolved either by 
_ simple cooling or combustion, is to be measured) to be inclosed 
in a hollow sphere of ice, with an opening at the bottom. 
When thus placed, the heat which is given out will be all 
employed in melting the ice; and will produce this effect in 
direct proportion to its quantity. Hence the quantity of ice, 
which is converted into water, will be an accurate measure of 
the caloric, that is separated from the body submitted to ex- 
periment. In this way, Lavoisier ascertained that equal 
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weights of different combustible bodies melt, by burning, very 
different weights of ice. The apparatus which he employed 
for this purpose, he has called the calorimeter. Its construc- 
tion can scarcely: be understood without the plate, which ac- 
companies the description in his ‘* Elements of Chemistry ;” 
and I consider it unnecessary to copy it into this work, be- 
cause the instrument is liable to several causes of inaccuracy. 

V. The heat rendered latent by the fusion of various bodies is 
not a constant quantity, but varies for each individual body. 
This is shown by the following results of the experiments of 
the two Drs. Irvine. 


Caloric of Do. reduced to the 
fluidity. sp. heat of water. 


Sulphur ....... 143.68° Fahr........ 27.14 
Spermaceti..... 145 

LGA. sod tS whusheua | CREA «find es Rear acd hedae ald Ces 
Bees-wax...... 175 © 
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VI. Other examples of the absorption of caloric, during the 
liquefaction of bodies, are furnished by the mixture of snow 
and nitric acid, or of snow and common salt, both of which, 
in common language, produce intense cold. 

1. Dilute a portion of nitric acid with an equal weight of 

water: and, when the mixture has cooled, add to it a quan- 
tity of light fresh-fallen snow. On immersing the thermo- 
meter in the mixture, a very considerable reduction of tem- 
perature will be observed. ‘This is owing to the absorption, 
and intimate fixation, of the free caloric of the mixture, by 
the liquefying snow. 

2. Mix quickly together equal weights of fresh-fallen snow 
at 32°, and of common salt cooled, by exposure to a freezing 
atmosphere, down to 32°. The two solid bodies, on admix- 
ture, will rapidly liquefy; and the thermometer will sink 32°, 
or to 0; or, according to Sir C. Blagden, to 4° lower.* To 
understand this experiment, it must be recollected, that the 


* Philosophical Transactions, Ixxviii. 281. 
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snow and salt, though at the freezing temperature of water, 
have each a considerable portion of uncombined calorie. 
Now salt has a strong affinity for water; but the union cannot 
take place while the water continues solid.” In order, there- 
fore, to act on the salt, the snow absorbs all the free calorie 
required for its liquefaction; and during this change, the free 
caloric, both of the snow and of the salt, amounting to 32°, 
becomes latent, and is concealed in the solution. This solu- 
tion remains in a liquid state at 0, or 4° below 0 of Fahren- 
heit; but if a greater degree of cold be applied to it, the salt 
separates in a concrete form. 

3, Most neutral salts, also, during solution in water absorb 
much caloric; and the cold, thus generated, is so intense as 
to freeze water, and even to congeal mercury. ‘The former 
experiment, however (viz. the congelation of water), may 
easily be repeated on a summer’s day. Add-to 32 drachms 
of water, 11 drachms of muriate of ammonia, .10 of nitrate 
of potash, and 16 of sulphate of soda, all finely powdered. 
‘The salts may be dissolved separately, in the order set down. 
A thermometer, put into the solution, will show, that the 

cold produced is at or below freezing; and a little water, in 
a thin glass tube, being immersed in the solution, will be 
frozen in a few minutes, Various other freezirig mixtures are 
described in Mr. Walker’s papers in the Philosophical Trans- 
actions for 1787, 88, 89, 95, and 1801. Of these the table, 
given in the Appendix, for which I am indebted to the 
obliging cammunication of the author, contains an arranged 
abstract. | 

4. Crystallized muriate of lime, when mixed with snow, 
produces a most intense degree of cold. This property was 
discovered some years ago by M. Lovitz, of St. Petersburg, 
and has been since applied, in this country, to the congela- 
tion of mercury on a very extensive scale. The proportions 
which answer best, are about equal weights of the salt finely 
powdered, and of fresh-fallen and light snow. On mixing 
these together, and immersing a thermometer in the mixture, 
the mercury sinks with great rapidity. For measuring exactly 
the cold produced, a spirit-thermometer, graduated to 50° 
below 0 of Fahrenheit, or still lower, should be employed. 

YOL, I. I 
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A few pounds of the salt are sufficient to congeal a large 
mass of mercury. By means of 13 pounds of the muriate, 
and an-equal weight of snow, Messrs. Pepys and Allen froze 
56 pounds of quicksilver into a solid mass. The mixture of 
the whole quantity of salt and snow, however, was not made 
at once, but part was expended in cooling the materials them- 
selves. | 

- On a small scale it may be sufficient to employ.two or three 
pounds of the salt. Let a few ounces of mercury, In a very 
thin glass retort, be immersed, first in a-mixture of one pound 
of each; and, when this has ceased to act, let another similar 
mixture be prepared. The second will never fail to congeal 
the quicksilver. ‘The salt thus expended may be again eva- 
porated, and crystallized for future experiments. 

In plate iv. fig. 42, a very simple and cheap apparatus is 
represented, which I have generally employed to freeze mer- 
cury. The dimensions will be given in the description of the 
plates.* . | 

The reader, who wishes for farther particulars respecting 
these experiments, is referred to the Philosophical Magazine, 
lil. 76. | | 

VII. On the contrary, liquids, in becoming solid, evolve or 
give out caloric, or, in common language, produce heat. 

1. Water, if kept perfectly free from agitation, may be 
cooled down several degrees below 32°; but, on shaking it, it 
immediately congeals, and the temperature rises to 32°. » 

2. Iuxpose to the atmosphere, when at a temperature below 
freezing (for example, at 25° of Fahrenheit), two equal quan- 
tities of water, in one only of which about a fourth of its 
weight of common salt has been dissolved. The saline solu- 
tion will be gradually cooled, without freezing, to 4°...The 
pure water will progressively descend to 32°, and will there 
remain stationary a considerable time before it congeals.- Yet 
while thus stationary, it cannot be doubted, that the pure 
water is yielding caloric to the atmosphere, equally with the 
saline solution’; for it is impossible that a warmer body can | 
be surrounded by a cooler one, without imparting caloric to 


* See Appendix, 
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the latter. The reason of this equable temperature is well 
explained by Dr. Crawford. (On Heat, p. 80.) Water, he 
observes, during freezing, is acted upon by two opposite 
powers: it is deprived of caloric by exposure to a medium, 
whose temperature is below 32°; and it is supplied with ca-_ 
loric, by the evolution of that principle from itself, viz. of 
that portion which constituted its fluidity. As these powers 
are exactly equal, the temperature of -the water must remain 
unchanged, till the caloric of fluidity is all evolved. 

8. The evolution of caloric, during the congelation of 
water, is well illustrated by the following experiment of Dr. 
Crawford :—Into a round tin vessel put a pound of powdered 
ice; surround this by a mixture of snow and salt in a larger 
vessel ; and stir the ice in the inner one, till its temperature 
is reduced to + 4° of Fahrenheit. ‘To the ice thus cooled, 
add a pound of water at 32°. One Sth of this will be frozen ; 
and the temperature of the ice will rise from 4° to 32°. In 
this instances the caloric, evolved by the congelation of one 
5th of a pound of water, raises the temperature of a pound 
of ice 28°. | 

4. If we dissolve sulphate of soda in water, in the propor- 
tion of one part to five, and surround the solution by a freez- 
ing mixture, it cools gradually down to 31°. The salt, at 
this point, begins to be deposited, and stops the cooling en- 
tirely. This evolution of caloric, during the separation of 
a salt, is exactly the reverse of what happens during its so-— 
lution.*. | 

5. To a saturated solution of sulphate of potash in water, 
or of any salt that is insoluble in alcohol, add an equal mea- 
sure of alcohol. ‘The alcohol, attracting the water more 
strongly than the salt retains it, precipitates the salt, and 
considerable heat is produced. 


* Blagden, Philosophical Transactions, Ixxviii. 290. 
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SECTION IV. 


Caloric the Cause of Vapour. 


i; Every liquid, when of the same degree of chemical purity, 
and under equal circumstances of atmospheric pressure, has one 
peculiar point of temperature, at which it invariably boils.— 
Thus, pure water always boils at 212°, alcohol of sp. gr. 0.813 
at 173°, and ether at 96°, Fahr.; and, when once brought to 
the boiling point, no liquid can be made hotter, however long 
the application of heat be continued. The boiling point of 
water may be readily ascertained, by immersing a thermo- 
meter in water boiling, in a metallic vessel, over the fire. As 
there is some danger in applying heat directly to a vessel con- 
taining either ether or alcohol, the ebullition of these fluids 
may best be shown, by immersing the vessel containing them 
in water, the temperature of which may be gradually raised. 
The appearance of boiling is owing to the formation of vapour 
at the bottom of the vessel, and its escape through the heated 
fluid above it. That the steam, which escapes, is actually 
formed at the bottom, and not at the top of the waterj may 
be seen by boiling some water in a Florence flask; or other 
transparent vessel, over an Argand’s lamp. ‘The bubbles of 

vapour will all ascend from the bottom of the vessel. A few 
exceptions to the fixity of the boiling point of liquids, “arising 
chiefly from the material of which the containing vessel is 
made, have been stated by Gay Lussac.* ) 

I]. Steam has exactly the same temperature as boiling water. 
—Let a tin vessel be previded, having two holes in its cover, 
one of which is just large enough to admit the stem of a 
thermometer. Fill it partly with water, and let the bulb of 
the thermometer be an inch or two above the surface of the 
water, leaving the other aperture open for the escape of 
vapour. When the water boils, the thermometer, surrounded 
by steam, will rise to 212°, which is precisely the temperature 


* Ann. de Chim. et Phys. vii. 307, or Journ. of Science, v. 361. 
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of the water beneath; yet water, placed on a fire, continues to 
receive heat, very abundantly, even when boiling hot; and 
as this heat is not appreciable by the thermometer, it must 
exist in the steam, in a latent state. 

III. Perfectly formed steam is completely invisible—We may 
satisfy ourselves of this by boiling strongly a small quantity 
of water in a flask; for perfect transparency will exist in the 
upper part of the vessel. It is only when it begins to be con- 
densed, that steam becomes visible. We havea proof also of 
the same fact in the thick fogs which are produced by a sudden 
transition from warm to cald weather; the vapour, which was. 
imperceptible at the higher temperature, being condensed and 
rendered visible by the lower. — ~ 

The perfect transparency of steam, and also two other im- 
portant properties on which depends its use as a moving 
powers, viz. its elasticity and its con- 
densibility by a reduced temperature, 
are beautifully shown by a little ap- 
paratus contrived by Dr. Wollaston, 
of which a sketch is annexed. It 
consists of a glass tube about 6 
inches long and 3 inch bore, as cylin- 
drical as possible, and blown out a 
little at the lower end. It has a 
wooden handle, to which is attached 
a brass clip embracing the tube; and 
within is a piston, which, as well as 
its rod, is perforated, as shown by the 
dotted lines. ‘This canal may be 
occasionally opened or closed by a 
screw at the top; and the piston rod 
is kept in the axis of the cylinder by being passed through a 
piece of cork fixed at the top of the tube. When the instru- 
ment is used, a little water is put into the bottom; the piston 
is then introduced with its aperture left open; and the water 
is heated over a spirit lamp. The common air is thus expel- 
led from the tube, and when this may be supposed to be ef- 
fected, the aperture in the rod is closed by the screw. On ap- 
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plying heat, steam is produced, which drives the piston up- 
wards. On immersing the bulb in water, or allowing it to 
cool spontaneously, a vacuum is produced in the tube, and the 
piston is forced downwards by the weight of the atmosphere. 
These appearances may be alternately produced by repeatedly 
heating and cooling the water in the ball of the instrument. _ 
In the original steam engine, the vapour was condensed in the 
cylinder, as it is in the glass tube; but in the engine as im- 
proved by Mr. Watt, the steam is pumped into a separate 
vessel, and there condensed ; by which the loss of heat, occa- 
sioned by cooling the cylinder every time, is avoided. 

IV. The boiling point of the same fluid varies, under different 
degrees of atmospheric pressure-—Thus water, which has been 
removed from the fire, and has ceased to boil, has its ebullition * 
renewed when it is placed under a receiver, the air of which 
is quickly exhausted by an air‘ pump. Alcohol and ether, 
confined under an exhausted receiver, boil violently at the 
temperature of the atmosphere. In general, liquids boil zm 
vacuo, with about 124° less of heat, than are required under 
a mean pressure of the atmosphere ;* water, therefore, in a 
vacuum must boil at 88°, and alcohol at 49° Fahr. Even 
the ordinary variations in the weight of the air, as measured 
by the barometer, are sufficient to make a difference in the. 
boiling point of water of several degrees between the two 
extremes,t as shown in the following table. 


Height of Boiling point | Height of Boiling point 

Barometer. of water. Barometer. of water. 
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On ascending considcrable heights, as to the tops of moun- 


* Black’s Lectures, i. 151. 
+ Sir G. Shuckburgh, in Philosophical Transactions, Ixxix. 375, and 
Gen. Roy in ditto, Ixvii. 687. 
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tains, the boiling point of water gradually falls on the scale of — 
the thermometer. Thus on the summit of Mont Blanc, water 
was found by Saussure to boil at 187° Fahrenheit. On_ this 
fact is founded the use of the thermometer in the measurement 
of heights, which though originally suggested by Fahrenheit, 
has only lately been made conveniently practicable, in con- 
sequence of the invention of a thermometer, adapted to the 
purpose, by the Rev. Mr. Wollaston.* Without entering 
into minute details, it would not be possible to give a clear 
idea of the instrument. It may be sufficient to state that each 
degree about the boiling point is made to occupy a space, that 
admits of being distinctly divided into 1000 parts. And as 
each degree of Fahrenheit is equivalent to 0.589 of an inch of 
the barometer, which indicates an elevation of 530 feet, it 
follows that one thousandth part of a degree will be equiva- 
lent to a difference in height of about six inches. In fact, the 
height of a common table produces a manifest difference in 
the boiling point of water, as ascertained by this sensible in- 
strument. 

The influence of a diminished pressure in facilitating ebulli- 
tion may, also, be illustrated by the following very simple ex- 
periment :— Place, over a lamp, a Florence flask, about three 
fourths filled with water; let it boil briskly during a few 
minutes; and, immediately on removing it from the lamp, 
cork it tightly, and suddenly invert it. ‘The water will now 
cease to boil; but, on cooling the convex part of the flask by 

a stream of cold water, the pene will be renewed. Apply- 
ing boiling water from the spout as a tea-kettle to the same 
part of the flask, the water will again cease to boil. ‘This 
renewal of the ebullition, by the application of cold (an ap- 
parent paradox), is owing to the formation of an imperfect 
vacuum over the hot water, by the condensation of steam ; 
and the suspension of boiling, on re-applying the heat, to 
the renewed pressure on the cieeal of the hot water, occa- 
sioned by the formation of fresh steam. 

From these facts, it may be inferred, that the particles of 


* Phil. Trans. 1817, p. 184. 
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caloric are mutually repulsive, and that they communicate 
this repulsive tendency to other bodies in which caloric is 
contained. This repulsive power tends to change solids into 
fluids, and liquids into aériform bodies, and is chiefly counter 
acted by the pressure of the atmosphere. 

Were this counteracting cause removed, many bodies, 
which at present have a liquid form, would cease to be such, 
and would be changed into a gaseous state. Precisely the 
same effect, therefore, results from the prevalence of either of 
these forces. Add to cértain liquids a quantity of caloric, in 
other words, place them in a high temperature, and they imme* — 
diately assuine an aériform state: or, their temperature re- 
maining the same, diminish the weight of the atmosphere; 
and the caloric, which they naturally contain, exerts its repul- 
sive tendency with equal effect, and they are in like manner 
converted into gases, ‘These facts are best shown by the fol- 
lowing experiments on ether: 

1, Ether, at the temperature of 96°, exists in the state of a 
gas. ‘This may be shown by filling a jar with water a few 
degrees above this temperature, and inverting it in a vessel of 
the same. ‘Then introduce a little ether, by means of a small 
glass tube closed at one end. The ether will rise to the top 
of the jar, and, in its ascent, will be changed into gas, filling | 
the whole jar with a transparent, invisible, elastic fluid. On 
perinitting the water to cool, the ethereal gas is condensed, and 
the inverted jar again becomes filled with water. 

2, Ether is changed into gas by diminishing the weight of 
_the atmosphere. Into a glass tube, about six jerehis long, and 
half an inch in diameter, put a tea-spoonful of ether, and fill 
up the tube with water; then, pressing the thumb onthe open 
énd of the tube, place it, inverted, ina jar of water. Let the 
whole be set under the receiver of an air pump, and the air 
exhausted. ‘The ether will be changed into gas, which will 
expel the water entirely from the tube. On re-admitting the 
air into the receiver, the gas is again condensed into a liquid 
form. 

It is evidently unnecessary that a liquid should boil in vacuo, 
in order to be converted into vapour ; for all liquids have in 


SECT. IVs CALORIC THE CAUSE OF VAPOUR. 121 


fact, at every temperature, a tendency to assume the state of 
gas, and several, which exhibit, at the common temperature 
of the atmosphere, no appearance of ebullition, are never« 
theless convertible into vapour, at that temperature, under an 
exhausted receiver. The quantity of vapour produced iz vacuo, 
varies with the space, the temperature, and the nature of the 
liquid. 1st, It is proportional to the space, for a double space 
gives occasion to the formation of a double quantity of vapour; 
and if a given volume of vapour be mechanically compressed 
into half its bulk, one half will be re-converted into water. 
2dly, It increases with the temperature, but in a greater pro 
portion. 3dly, It is different for different liquids; and it may 
be observed that liquids, which enter most easily into ebul- 
lition, are generally, though with some exceptions, those 
which at a given temperature afford the densest vapour. Thus 
the vapour of ether is more dense than that of water. The 
caloric required to produce this sort of evaporation, which 
may be called spontaneous, in order to distinguish it from 
that produced by obvious sources of heat, is supplied in the 
first instance by the liquid itself, the temperature of which is 
observed to fall, and is regained by contact with surrounding 
bodies. | 

Spontaneous evaporation goes on, also, from the surface of 
liquids exposed to the atmosphere, and a quantity of vapour 
is produced which, from the same liquid, is determined by 
the pressure and the temperature. Iftoa given volume of dr¥ 
atmospheric air confined over mercury, we admit a small 
quantity of water, the volume of the air is increased by the 
admixture of aqueous vapour. Substituting at the same tem- 
perature and pressure, any other gas for atmospheric air, an 
expansion is produced to precisely the same amount} and it is 
remarkable that the quantity and force of vapour, in a given 
volume of air or of gas of extreme moisture, is precisely the 
same as in Toricellian vacuum of like volume.* ‘These facts 
show, as will afterwards more fully appear, that spontaneous 
evaporation is entirely independent of any affinity of air for 
water, and is to be explained by the general laws regulating 
the production and force of vapour. 


* Dalton’s New System, ps 153) 
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V. On the contrary, by considerably increasing the pressure, 
water may le heated to above 400° Fahrenheit, without being 
changed into.vapour.—This experiment requires, for its per- 
formance, a strong iron vessel, called a Papin’s digestor, a 
plate of which may be seen in Gren’s Chemistry. ‘That the 
boiling point of water, and the temperature of steam, are raised 
by an increased pressure, may be equally well shown, however, 
by means of the small boiler, represented plate v. fig. 46, 
which will be found extremely useful in experiments on this 
subject. Its precise size, and directions for its construction, 
will be given in the Description of the Plates. 

On the cock c may be screwed, occasionally, a valve, loaded 
in the proportion of 14 pounds to the square inch; or a guage 
adapted to show the density of the steam, by the diminution 
of bulk in a confined portion of air, which will occupy a bulk 
inversely proportionate to the compressing force (fig. 46, f.) 
The boiler being rather more than half filled with water, and 
the perforated cap d being screwed into its place, the ball of 
the thermometer will be an inch or more above the surface 
of the water, and will indicate its temperature, aswell as 
that of the steam, both being, necessarily, in all cases, pre- 
cisely the same. Allowing the steam to escape through the 
cock ¢, before affixing the valve, the temperature of the steam, 
under a mean atmospheric pressure, will be 212°. When an 
additional atmosphere is added by the weighted valve, it will 
rise to 250°; by a valve twice as heavy as the first, or loaded 
in the proportion of 42 pounds to the square inch (= three 
atmospheres), the temperature of the steam will be raised to 
more than 270°. ‘This is as far as itis safe to carry the ex- 
periment. 

An apparatus adapted to the same purposes, has been 
contrived, also, by Dr. Marcet, and may be procured from 
the makers of philosophical instruments in London. It 
consists of two hemispheres (see the figure), generally of 
brass, which are fixed together by flanches and screws. 
At the upper part are three openings, into one of which 
a cock may be screwed; into the other a thermometer 
graduated to 250°, or upwards; and into the central one 
is fixed a long glass tube open at both ends, and reach- 
ing to within about one-eighth of an inch of the bottom of the 
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boiler. When the apparatus is used, mercury sufficient 
to fill the tube is first put | 


into the vessel, and over this ’ 
a quantity of water sufficient 
to occupy about half its ca- 
pacity is poured, and the — 
cock being shut, the heat of 
a spirit lamp with three or 
four wicks is applied. With 
this boiler precisely the same 
experiments may be made 
as with that which I have 
already described, the only 
difference being in its form, 
and in the guage for mea- 


| 
suring the force of the steam : 
| 
[ 
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which is generated ; for this, 
by its pressure, drives the 
mercury up the tube, and 
by the height of the column 
exhibits, in a more striking 
manner, the correspondence 
between the elasticity of the 
steam and its temperature. 
The elasticity of the va- 
pour of water from 32° to 
212° Fahr. had been expe- 
rimentally determined by 
Mr. Dalton, who, from his 
results, had calculated its 
force at temperatures above 
the ordinary boiling point. 
Tt was still, however, desira- 
ble to ascertain, by actual 
experiment, the elastic force 
of vapour above 212°, and this has been attempted by Professor 
Robison, Mr. Southern, and Dr. Ure. Mr. Southern’s expe- 
riments were made many years ago, but were not published 
till very lately, in Dr. Brewster’s edition of Prof. Robison’s 
Works. The following table expresses the elasticity o 
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aqueous vapour according to his experiments, under one, two, 
four, and eight atmospheres. 
Pressure in Inches Temperature 


Atmospheres. of Mercury. Fahr. 
eeaoeoeeoev eee eese @ 29.8 eeeeeovoeeeoeeee 212° 


2 eoeeveevoe¢sb Gee ver 59.6 eoeseeeoveoeee oe 250.3 
4: Ceoeoeeosdvuevoevees 119.2 eoorseoeoseone vse 293.4 
8 eoeooeve G©GO4 ee He @ 238.4 eevveeoves 6 eee 343.6 


Dr. Ure’s experiments were published in the Philosophical 
Transactions for 1818, and their general results are contained 
in a table, which will be found in the Appendix. Between 
32° and 212°, an almost exact coincidence may be observed 
between the experiments of Dalton and of Ure; but this ceases 
above the. boiling point of water; for there Mr. Dalton’s 
numbers were calculated on the presumption that the same 
law of progression obtains in the higher as in the lower 
ranges, which does not appear to be correctly the fact. 

Dr. Ure has examined, also, the elastic forces of the vapours 
of alcohol, ether, oil of turpentine, and naphtha, and has ex- 
hibited the results in the form of atable. To the experiments 
on ether it has however been objected by Mr. Dalton, that 
they were made on that fluid in an impure state, as is evident 
from its boiling point, which Dr. Ure states at 104° or 105°; 
whereas the point, at which pure ether boils under the pres- 
sure of the atmosphere, is 96° Fahr. Mr. Dalton has, there- 
fore, from his own experiments, constructed a fresh table, 
which will also be found in the Appendix. 

VI. The density of steam is nearly if not accurately pr ajith 
_ tional to its elasticity ; at least this may be affirmed of it within 
the limits of Mr. Southern’s experiments, which extended to 
steam formed under a pressure of 120 inches of mercury, or 
of four atmospheres. Thus steam of elasticity = 40 inches 
of mercury required 1.430 cubic inches of water to form each 
cubic foot of steam ; vapour of 80 inches required 2.940 cubic 
inches of water; and vapour = 120 inches force required for each 
cubic foot 4.279 cubic inches of water. The elasticities, therefore, 
and the quantities of water, in these experiments, have the 
same common multiple; in other words, steam of double, 
triple, Se. elastic force contains, in an equal volume, twice, 
thrice, &c, the weight of water. | 
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VII. The latent heat of the vapours of fluids, though constant 
for vapour of the same kind, and of a given elasticity, differs im 
different vapours. 

The latent heat of the vapours of different liquids has been 
investigated, so far as I know, only by Dr. Ure. His method 
was to distil off a known quantity of each liquid, and to ob- 
serve the temperature gained by the water employed to con- 
dense its vapour. Trom the results, he has constructed the 


following Table. (Phil. Trans. 1818.) 


General Table of latent Heat of Vapours. 


Vapour of water at its boiling point ........+, 967° 
alcohol (sp. gr. 0.825) ,ecsceccerses 442 
sulph. ether (boiling point 104°).... 302.379 
petroleum... edwin eles s kelines seo RA7.87 
oil of turpentine (do. about 310°)... 177.87 
nitric acid (sp. gr. 1.4.94, boiled at 165°) 531.99 
liquid ammonia (sp. gr. 0.978)...... 837.28 
vinegar (sp. er, 1.007) .....e.ee00+ 875.00 
VII. The absorption of caloric, during evaporation, shown by 
experiment.—Moisten a thermometer with alcohol, or with 
ether, and expose it to the air, repeating these operations 
alternately. ‘The mercury of the thermometer will sink at 
each exposure, because the volatile liquor, during the evapo- 
ration, robs it of its heat. In this way (especially with the aid 
of an apparatus described by Mr. Cavallo, in the Philosophi- 
cal Transactions, 1781, p. 509), water may be frozen in a 
thin and small glass ball, by means of ether. ‘The same effect 
may be obtained, also, by immersing a tube, containing water 
at the bottom, in a glass of ether, which is to be placed under 
the receiver of an air pump; or the ether may be allowed to 
float on the surface of the water. During the exhaustion of 
the vessel, the ether will evaporate rapidly; and, robbing the 
water of heat, will completely freeze it; thus exhibiting 
the singular spectacle of two fluids in contact with each other, 
one of which is in the act of boiling, and the other of freezing, 
at the same moment. 
By a little modification of the experiment, mercury itself, 
which requires for congelation a temperature of almost 40° 
below 0 of Fahrenheit, may be frozen, as was first shown by 
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Dr. Marcet.* A conical receiver, open at the top, is placed 
on the plate of an air pump, and a small tube, with a cylin- 
drical bulb at its lower end, is suspended within the receiver, 
through the aperture, by means of 
a brass plate, perforated in its cen- 
tre, and fitting the receiver air 
tight, when laid upon its open neck. 
The tube passes through this plate, 
to which it is fitted by a leather 


° ° Ys 
adjustment, or simply by a cork ma | a 
secured with sealing wax. ‘The & iit \ 

3 ° ° SS Bl 
bulb is then wrapped up in a little Ss fF bt 
cotton wool, or, what is better, in a ’ AM \ 


Esa 


Sopra ee y 


small bag of fine fleecy hosiery; in / 
which a small spirit thermometer, 
graduated below 40° Fahr., may A 
also be included ; and, after being 
dipped into sulphuret of carbon 
or ether,} the apparatus is quickly 
placed under the receiver, whichis : 
exhausted as rapidly as possible. In two or three minutes the 
temperature sinks to about 45° below 0, at which moment the 
quicksilver in the stem suddenly. descends with great rapidity. 
If it be desired to exhibit the mer cury in a solid state, com- 
mon tubes may be used, which have originally been about an 
inch diameter, but have been flattened by pressure, when 
softened by the blow-pipe. ‘The experiment succeeds, when 
the temperature of the room is as high as + 40° Fahrenheit. 

IX. The fixation of caloric in water, li y its conversion into 
steam, may le shown by the following experiments : —1. Leta 
pound of water at 212°, and eight pounds of iron filings at 
300°, be suddenly mixed together. A large quantity of vapour 
will be instantly ceaerage, and the Lepper ature of the mix- 
ture will be only 212°; but that of the vapour produced is 
also not more than 212°; and the steam must therefore con- 
tain, in a latent or combined form, all the caloric which raised 
ee a anaes ee ae AS 2 

* 34 Nich. Journal, 119. 

+ In exhausting a vessel containing either of ‘these fluids, the valves of 
the air epee must be metallic. 
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the temperature of eight pounds of iron filings from°212° to 
300°. ! 

2. When a quantity of water is heated several degrees above 
the boiling point in a close vessel, and.acock is then suddenly 
opened, the steam rushes out with prodigious noise and vio- 
lence, and the heat of the water is reduced in three or four 
seconds to the boiling temperature. The water, however, con- 
stituting the steam which has escaped, amounts to only a very 
trifling quantity, and yet it has been sufficient to carry off the 
whole excess of heat from the water in the digester. 

8. The quantity of caloric, which becomes Jatent’ during 
the formation of steam, may be approximated, by repeating 
the following experiment of Dr, Black: He placed two cylin- 
drical flat-bottomed vessels of tin, five inches in diameter, and 
containing a small quantity of water at 50°, on a red hot iron 
plate, of the kind used in kitchens. In four minutes the water 
began to boil, and in twenty minutes the whole was boiled 
away. In four minutes, therefore, the water received 162° 
of temperature, or 404° in each minute. If we suppose, 
therefore, that the heat continues to enter the water at the 
same rate, during the whole ebullition, we must conclude that 
401° x 20 = 810° have entered the water, and are contained 
in the vapour. % . 

It has been found by experiment that 75 pounds of New- 
castle coal, or 100 pounds of coal of medium quality, applied 
in the best manner, are required for the vaporization of 12 
cubic feet, or Mu: 893 wine gallons, of water. A pound of 
coal, on the average, may be considered as equivalent to con- 
vert a gallon of water into vapour. Wood charcoal, by com- 
bustion, is capable of melting 94 times its weight of ice, and 
of evaporating 13 times its weight of water, previously at 32° 
Fahrenheit. Peat of the best quality, when properly applied, 
evaporates 10 times its w eight of water, but, as commonly 
used, only 4 or 5 times. Even with the assistance of heated 
air, only six times its weight can be evaporated, though 
Curaudau pretends to have evaporated 25 times its weight.* 
From evidence given before the House of Commons on the 


Gas Light Bill, 17+ pounds of good London coke appear to 


* 79 An. Ch, 86. 
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be capable of raising from 66 to 70 pounds of water into 
vapour, or about 4 times their weight.* | 

X. Water, by conversion into steam, has its bulk prodigiously 
enlarged, viz. according to Mr. Watt's experiments, about 1800 
times, or, according to Gay Lussac, only 1698 times.—A cubic 
inch of water (or 252 grains) occupies, therefore, when con- 
verted into steam, of temperature 212°, and force equal to 30 
inches of mercury, the space of nearly a cubic foot. The spe- 
cific gravity of aqueous vapour under the ordinary pressure of 
the air, is to that of perfectly dry air, taking Gay Lussac’s data, 
as 10 to 16, or 0.62349 to 1. The specific gravity which it 
ought to have from theory is 0.620, for this should result from 
condensing into one volume two volumes of hydrogen gas, sp. gr. 
0.0688, and one volume of oxygen gas, sp. gr. 0.1025. ‘The 
experimental result of Gay Lussac was obtained by comparing 
air and steam at the common temperature of 212° Fahr.} But 
as all gases and vapours are expanded or contracted to the 
same amount by equal variations of temperature, it must be 
obvious that the same relation will continue between air and 
aqueous vapour at all other degrees of heat, provided both are 
subjected to a common temperature and pressure. 

XI. On the contrary, vapours, during their conversion into a 
liquid form, evolve, or give out, much caloric.—The heat given 
out, by the condensation of steam, is rendered apparent by 
the following experiment. Mix 100 gallons of water at 50° 
with 1 gallon of water at 212°; the temperature of the water 
will be raised about 14°. Condense by a common still-tub, 
1 gallon of water, from the state of steam, by 100 gallons of 
water, at the temperature of 50°. The water will be raised 
11°. Hence, 1 gallon of water, condensed from steam, raises 
the temperature of 100 gallons of cold water 91° more than 
1 gallon of boiling water; and, by a 1 easy calculation, it 
appears that the caloric imparted to the 100 gallons of cold 


water by 8 pounds of steam, if it could be condensed in 1 gal- 
lon of water, would raise it to 950°.t The quantity of ice, 
which is melted by steam of ordinary density, is invariably 74 
times the weight of the steam. 


* See also Count Rumford’s Researches on the Heat developed in Com- 
bustion. Phil. Mag. xli. xlii. and xliii. 
+ Ann. de Chim. et de Phys. ii, 135. t Black’s Lectures, i. 169. 
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For exhibiting the latent heat ofsteam, by means of a small 
apparatus, which may be placed on a table, and with the as- 
sistance only of a lamp, the boiler already described (fig. 46) 
will be found extremely well adapted. ‘The right angled pipe 
e must be screwed, however, into its place, and must be made 
to terminate at the bottom of a jar, containing a known quan- 
tity of water of a given temperature. ‘This conducting pipe 
and the jar should be wrapped round with a few folds of 
flannel. The apparatus being thus disposed, let the water in 
the boiler be heated by an Argand’s lamp, with double con- 
centric wicks, till steam issues in considerable quantity through 
the cock c, which is then to be closed. ‘The steam will now 
pass through the right angled pipe into the water contained 
in the jar, ‘Whieh will condense the steam, and will have its 
temperature very considerably raised. _ Ascertain the augmen- 
tation of temperature and weight; and the result will show, 
how much a given weight of water has had its temperature 

raised by a certain weight of condensed steam. To another 
quantity of water, equal in weight and temperature to that 
contained in the jar at the outset of the experiment, add a 
quantity of water at 212°, equal in weight to the condensed 
steam; it will be found, on comparison of the two resulting 
temperatures, that a given weight of steam has produced, by 
its condensation, a much greater elevation of temperature, 
than the same quantity of boiling water. This will be better 
understood by the pai example, taken from actual ex- 
periment: ) 

Into eight ounces of water, at 50° Fahrenheit, contained 
in the lags’ jar, f, fig. 46, steam was passed from the boiler, 
till the temperature of the water in the jar rose to 173°. On 
weighing the water, it was found to have gained 81. drachms; 
that is, precisely 84 drachms of steam had been condensed, 
and had imparted its heat to the water.—To facilitate the ex- 
planation of this experiment, it is necessary to premise the 
following remarks. 

To measure the whole quantities of caloric eotitained in dif- 
ferent bodies, is a problem in chemistry which has not yet 
been solved. But the quantities of caloric, added to, or sub- 
tracted from, different bodies (setting out from a given tem- 

VOL. I, K 
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perature) may, in many cases, be measured and compared 
with considerable accuracy. Thus, if, as has been already 
stated, two pounds of water at 120° be mixed with two pounds 
at 60°, half the excess of caloric in the hot water will pass to 
the colder portion;. that is, the hot water will be cooled 30°, . 
and the cold will receive 30° of temperature; and if the ex- 
periment be conducted with proper precautions, 90°, the 
arithmetical mean of the temperature of the separate parts, 
will be the temperature of the mixture. If three pounds of 
water.at 100° be mixed with one pound at 60°, we shall have 
the same quantity of heat as before, viz. four pounds at 90°. 
Hence if the quantity of water be multiplied by the tempe- 
rature, the product will be acomparative measure of the quan- 
tity of caloric which the water contains, exceeding the zero 
of the thermometer employed. , 


~ Thus in the last example, 


3 x 100 = 300 = thecaloric above zero in the first portion. 
1.x 60 = 60 = the caloric above zero in the second do. 

The sum, 360 = the caloric above zero in the mixture. 
Dividing 360 by 4, the whole quantity of water, we obtain 
.90°, the temperature of the mixture. 

This method of computation may be conveniently applied 
toa variety of cases. Thus, in the foregoing experiment, 84 
drachms of steam at 212°, added to 64 drachms of water at 
50°, produced 724 drachms of water at 173°. Now, 


724 x 173 = 125424 = whole heat of the mixture. 
64 x 50 = $200 heat of 64 drachms, one of the 
component parts. —_- 
; heat of 81 drachms, the other 
93421 = oe 
| component part. 


ag 

Therefore 93421 divided by 81 = 1099, should have been 
the temperature of the latter portion (viz. 81 drachms,) had 
none of its heat been latent: and 1099 — 212 = 887 gives 
the latent heat of the steam. ‘This result does not differ more 
than might be expected, owing to the unavoidable inaccuracies 
of the experiment, from Mr. Watt’s determination, which 


: 
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states the latent heat of steam at 900°, or from that to 950°.* 
Lavoisier, with the aid of the calorimeter, makes it 1000°, or 
a little more;}+ Mr. Southern, 945; and Dr. Ure, 967. 

AIT. The same weight of steam contains, whatever may le ils 
density, the same quantity of caloric ; its latent heat being in~ 
creased, in proportion as its sensible heat is diminished ; and the 
reverse.—Lhis principle, though scarcely admitting of illus- 
tration by any easy experiment, is one of considerable impor- 
tance; and an ignorance of it has been the occasion of many 
fruitless attempts to improve the economy of fuel in the steam 
engine. ‘The fact, so far as respects steam of lower density 
than that of 30 inches of mercury, was long ago determined — 
experimentally by Mr. Watt.{ As the boiling point of liquids 
is known to be considerably reduced by a diminished pres- 
sure, it seemed reasonable to suppose chattamee these cir- 
cumstances, steam might be obtained from them with a less 
expenditure of fuel. Water, Mr. Watt found, might easily 
be distilled in vacuo when at the temperature of only 70° 
Fahrenheit. But, by condensing steam formed at this tem- 
perature, and observing the quantity of heat which it com- 
municated to a given weight of water, he determined that 
its latent heat, instead of being only 955°, was between 1200° 
and 1300°. 

The same principle may be explained also by the following 
illustration, which was suggested to me by Mr. Ewart. Let 
us suppose that in a cylinder, furnished with a piston, we have 
a certain quantity of steam, and that it is suddenly compressed, _ 
by a stroke of the piston, into half its bulk. None of the 
steam will in this case be condensed; but it will acquire 
double elasticity, and its temperature will be considerably in- 
creased. Now if we either suppose the cylinder incapable of 
transmitting heat, or take the moment instantly following the 
compression before any heat has had time to escape, -it must 
be evident that the sensible and latent heat of the steam, taken 
together before compression, are precisely equal to the sen- 
sible and latent heat taken together of the denser steam. But 
in the dense steam, the sensible heat is increased, and the 
latent heat proportionally diminished. The explanation of 


* Black’s Lectures, i. 174. + Ibid. i. 175. t Ibid. i. 190. 
K 2 | 
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this fact will be furnished by a principle to be hereafter ex- 
plained, viz. that the capacities of elastic fluids for caloric are 
uniformly diminished by increasing their density. 

Direct experiments to ascertain the latent heat of steam, 
formed under higher pressures that that of the atmosphere, 
have been made by Mr. Southern, of Soho, and by Mr. 
Sharpe, of Manchester.* ~Those of the latter were first pub- 
lished ; but were subsequent in point of time to the experi- 
ments of Mr. Southern, which, though only lately made pub- 
lic, t were instituted many years ago. ‘They consisted in as- 
certaining the augmentation of weight and increase of tem- 
perature, gained by a given quantity of water, from the 
condensation of known volumes of aqueous vapour of different 
densities. ‘The results presented slight differences in the la- 
tent heat of steam of different densities, but of so small an 
amount as to arise probably from unavoidable sources of 
error. The following table exhibits the principal results ob- 
tained by Mr. Southern. 


Temperature Elasticity of ditto Latent 
of Steams, in inches of Mercury. Heat. 


Y29 6+e ee oe eee ee os 40 CeCe oO oH HO ee HH EG 942° 
270 bo ezeroeetebestonese 80 ptvbiiathidit states 942° 
295 @eeeeeoeeseeseeeee 120 eeeoeereeseoee#es#8se ses 950° 


The experiments of Mr. Sharpe, and also a recent series 
by Clement and Desormes, (of which an abstract is given in 
the Appendix to Thenard’s Traité de Chimie, vol. iv..p. 262, 
3me. edition,) establish the same general law. ‘This law is of 
great importance in practice, since it shows that no essential 
saving of fuel can be reasonably expected from using, as a 
moving power, steam formed under high pressures. On the 
contrary, it seems probable that the higher the temperature of 
the water in the boiler, the greater will be the loss of heat by 
thé escape of hot air through the chimney. Nevertheless, 
there are certain cases in which high pressure steam may 
be advantageously applied to various manufacturing processes, 
as a means of communicating heat, when the temperature is 
required to exceed 212° Fahrenheit. 

A remarkable fact has been observed respecting steam of 


* Manchester Society’s Memoirs. Vol. 2. New Series. 


+ Brewster’s Edition of Prof. Robison’s Works. 
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great elasticity; viz. that when allowed to escape inddanly 
from a cock or small aperture in the boiler, the hand may be 
held close to the place at which it issues, without being 
scalded by it; and even the water of the boiler itself does not 
scald under these circumstances. Both the issuing steam and 
water must, necessarily, therefore, be considerably under the 
temperature of 212°, and are, in fact, found to be so by the 
thermometer. This is probably owing to the sudden rare- - 
faction of the issuing steam in the first case, or sudden pro- 
duction of steam of great rarity in the second ; for this rare- 
faction, or sudden production of steam, instantly renders latent 
a large quantity of heat, and prevents it from producing those 
effects, which are due only to caloric of temperature. ‘There 
is still, however, some difficulty, in conceiving, why highly 
compressed steam, on being allowed to escape from an orifice, 
should fall Lelow 212°, since that is the temperature which is 
due to it under the mean pressure of the atmosphere. 

XIII. The evaporation of water is carried on much more ra- 
pidly under a diminished pressure, especially if the vapour, 
which is formed, le condensed as soon as it is produced, so as to 
maintain the vacuum. | 

On this principle depends Mr, Leslie’s new and ingenious 
mode of freezing water, in an atmosphere of any common 
temperature, by producing a rapid evaporation from the sur- 
face of the water itself. The water to be congealed is con- 
tained in a shallow vessel, which is supported above another 
vessel, containing strong sulphuric acid, or dry muriate of 
lime; or even dried garden mould or parched oatmeal. Any 
substance, indeed, that powerfully attracts moisture, may be 
applied to this purpose. The whole is covered by the re- 
ceiver of an air pump, which is rapidly exhausted; and as 
soon as this is effected, crystals of ice begin to shoot in the wa- 
ter, and a considerable quantity of air makes its escape, after 
which the whole of the water becomes solid. ‘The rarefaction 
required is to about 100 times; but to support congelation, 
after it has taken place, 20 or even 10 times are sufficient. ‘The 
sulphuric acid becomes very warm; and it is remarkable, that 
if the vacuum be kept up, the ice itself evaporates. In five or six 
days, ice of an inch in thickness will entirely disappear. The acid 
continues to act, till it has absorbed an equal volume of water. 
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An elegant manner of making the 
experiment is. to cover the vessel of 
water with a plate of metal or glass 
fixed to the end of a sliding wire, 
which must pass through the neck 
of the receiver, and be, at the same 
time, air tight, and capable of being 
drawn upwards. (See the annexed 
figure.) When the receiver is ex- 
hausted, the water will continue fluid, 
till the cover is removed, when, in 
less than five minutes, needle shaped 


crystals of ice will shoot through it, Rr 
and the whole will soon become ( ) 
frozen. z: ) 


In this interesting process, if it were not for the sulphuric 
acid, an atmosphere of aqueous vapour would fill the receiver ; 
and, pressing on the surface of the water, would prevent the 
further production of vapour. But the steam which rises, 
being condensed the moment it is formed, the evaporation 
goes on very rapidly, and bas no limits but the quantity of 
the water, and the diminished concentration of the acid.* 

It is on the same principle, that the instrument invented by 
Dr. Wollaston, and termed by him the Cryophorus or Frost- 
bearer, is founded. It may be formed by taking a glass tube, 
having an internal diameter of about 1th of an inch, the tube 
being bent to a right angle at the distance of half an inch 
from each ball, thus: 


One of these balls should be about half filled with water, and 
the other should be as perfect a vacuum as can readily be ob- 
tained, the mode of effecting which is well known to those 
accustomed to blow glass. One of the balls is made to ter- 


* The most complete account of this new mode of freezing is to be 
found in the Supplement, uow publishing, to the Encycl. Brit. Art. CoLp 
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minate in a capillary tube; and when the water in the other 
ball has been boiled over a lamp a considerable time, till all 
the air is expelled, the capillary extremity, through which the 
steam is still issuing with violence, is held in the flame of the 
lamp, till the force of the vapour is so far reduced, that the 
heat of the flame has power to seal it hermetically. 

When an instrument of this kind is well prepared, if the 
empty ball be immersed in a mixture of snow and salt, the 
water in the other ball, though at the distance of two or three 
feet, will be frozen solid in the course 
of a very few minutes. The experi- 
ment may be rendered even more strik- 
ing, if performed according to Dr. 
Marcet’s modification of it: the empty 
ball, covered with a little moist flannel, 
is to be suspended, in the manner 
shown by the annexed sketch, within a 
receiver, over a shallow vessel of strong 
sulphuric acid, and the receiver is then 
to be exhausted. In both cases, the 
vapour present in the empty ball is condensed by the common 
operation of cold; and the vacuum, produced by this con- 
densation, gives opportunity for afresh quantity to arise from 
the opposite ball, with a proportional reduction of the tem~ 
perature of its contents. 

The large quantity of caloric, latent in steam, renders its 
application extremely useful for practical purposes. ‘Thus, 
water may be heated, at a considerable distance from the 
source of heat, by lenethening the conducting pipe e, fig. 46. 
This furnishes us ith a Saiasbaidtis paneer of warming the 
water of baths, which, in certain cases of disease, it is of i im- 
portance to have near the patient’s bed-room ; for the boiler, 
in which the water is heated, may thus be placed on the 
ground-floor, or in the cellar of a house ; and the steam con- 
veyed by pipes into an upper apartment. Steam may also be 
applied to the purpose of heating or evaporating water, by a 
modification of the apparatus. Fig. 46, g. represents the 
apparatus for boiling water by the condensation of steam, 
without adding to its quantity; a circumstance occasionally of 
considerable importance. ‘The steam is received between the 


136 . > yy OGAERB: os psi CHAP, ILf. 


vessel, which contains the water to. be heated, and an exterior 
case}; it imparts its caloric to the water, through the substance 
of the vessel; is thus condensed, and returns to the boiler by 
the perpendicular pipe. An alteration of the form of the 
vessel adapts it to evaporation (fig. 46, h). ‘This method of 
evaporation is admirably suited to the concentration of liquids, 
that are decomposed, or injured, by a higher temperature 
than that of boiling water, such as medicinal extracts; to the 
drying of precipitates, &c. In the employment of either of 
these vessels, it is expedient to surround it with some slow 
conductor of heat. Ona small scale, a few folds of woollen 
cloth are sufficient; and, when the vessel is constructed of a 
large size for practical use, this purpose is served by the brick- 
work in which it is placed. 


a 
SECTION V. 


Caloric the Cause of permanently elastic Fluidity.—General 
Properties of Gases. 


From the faets which have been detailed in the last section, 
it appears that in vapours, strictly so called, such as the steam 
of water, caloric is retained with but little force; for it quits 
the water when the vapour is merely exposed to a lower tem- 
perature. But, in permanently elastic fluids, caloric is held 
very forcibly, and no diminution of temperature, that has 
ever yet been effected, can separate it from some of them, 
‘Thus the air of our atmosphere, in the most intense artificial 
or natural cold, still continues in the aériform state. Hence 
is derived one character of gases, viz. that they remain aéri- 
form under almost all variations of pressure and temperature, 
and in this class are also included those aérial bodies, which, 
being immediately condensed by contact with water, require 
confinement over mercury. The following experiment will 
show, that the caloric contained in gases, is chemically com- 
bined; or at least that itis inappreciable by the thermometer. 

Into a small retort (plate ii. fig. 26, L) put an ounce or two 
of well dried common salt, and about half its weight of sulphu- 
ric acid. By this process, a great quantity of gas is produced, 
which might be received and collected over mercury. But, 
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to serve the purpose of this experiment, let it pass through a 
glass balloon, c, having three openings, into one of which the 
neck of the retort passes, while, from the other, a tube e pro- 
ceeds, which ends in a vessel of water, f, of the temperature 
of the atmosphere. Before closing the apparatus, let a ther- 
mometer, d, be included in the balloon, to show the tempera- 
ture of the gas. It will be found that the mercury, in this 
thermometer, will rise only a few degrees, whereas the water, 
in the vessel which receives the bent tube, will soon become 
boiling hot. In this instance, caloric flows from the lamp to 
the muriatic acid, and converts it into gas; but the heat, thus 
expended, is not indicated by the thermometer. The caloric, 
however, is again evolved, when the gas is condensed by water. 
In this experiment, we trace caloric into a latent state, and 
again into the state of free or uncombined caloric. 

A considerable part of the caloric, which exists in gases in 
a latent state, may be rendered sensible by rapid mechanical 
compression. ‘Thus if air be suddenly compressed in the ball 
of an air-gun, the quantity of caloric liberated by the first 
stroke of the piston, is sufficient to set fire to a piece of the 
tinder called amadou.* <A flash of light is said, also, to be 
verceptible at the moment of condensation. This fact has 
been applied to the construction of a portable instrument for 
lighting a candle. It consists of a common syringe, concealed 
in a walking stick. At the lower extremity, the syringe is 
furnished with a cap, which receives the substance intended to 
be fired, and which is attached to the instrument by a male and 
female screw. The rapid depression of the piston condenses 
the air, and evolves sufficient heat to set the tinder on fire.+ 
When, on the contrary, air is suddenly rarefied to many 
times its volume, its temperature falls sufficiently to sink a 
very sensible thermometer 50° of Fahr., its sensible heat pas- 
sing in this case instantly into a latent form. (See Gay Lus- 
sac, Ann. de Chim. et de Phys. ix. 305.) 

For demonstrating the influence of variations of atmosphe- 
ric pressure on the formation of gases, better experiments 


* Philosophical Magazine, xiv. 363, and xl. 424. + Ibid, xxxt..130. 
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cannot be devised than those of Lavoisier.* But as some 
students, who have the use of an air-pump, may not possess 
the apparatus described by Lavoisier (the glass bell and sliding 
wire), it may be proper to point out an easier mode of show- 
ing the same fact. This proof is furnished by the experiment 
already described, in which sulphuric ether is made to assume 
alternately an aériform and liquid state, by removing and 
restoring the pressure of the atmosphere. 

Gases, when once formed, undergo a considerable change 
of bulk by variations of external pressure. ‘The general law, 
which has been established on this subject is, that the volume 
of gases iy inversely as the compressing ferce. If, for example, 
we have a quantity of gas occupying 60 cubic inches, under 
the common pressure of the atmosphere, it will fill the space 
of only 30 cubic inches, or one half, under a double pressure; 
of 20 inches, or one 3d, under a triple pressure; of 15 
inches, or one 4th, under four times the pressure; and so on. 
When the pressure is sudden, heat is evolved from all gases, 
and it appears, from Gay Lussac’s experiments, that different 
gases, when equally compressed, give out different quantities 
of heat, bearing probably a proportion to their specific heats. 

The law of the dilatability of gases by heat has already been 
stated to be an enlargement of about ~1,th part of their bulk 
for each degree of Fahrenheit’s scale, between the freezing 
and boiling points of water. At a temperature capable of 
rendering glass luminous (probably about 1035° Fahr.), 1 vo- 
lume becomes about 2.5. 

When a body heated to a certain point is placed in differ- 
ent gases, under circumstances otherwise similar, it is found 
to cool with very different velocities; in other words, the 
power of elastic fluids to conduct heat differs for different gases. 
Mr. Dalton has given a series of experiments on this subject, 
and Sir H. Davy, having raised the same thermometer to the 
same temperature, 160° Fahr., exposed it to equal volumes 
(21 cubic inches) of the following gases at 52° Fahr. , 


* See his Elements, chap. 1.7 


t Davy, Phil. Trans, 1817. p. 54. 
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Min. Sec. 
Atmospheric air. .cecseccseee 2 
Hydrogen. . oveceecdesnecseee D 
Olefiant gas .....eseeeeees ee donee 15 
Coabkigas 009. 2 02a deeces eo O 
PZB S sain: aan aiten:s dlelelg +» #'ae etqok 
PEED sibids pent eee clare. h 
Mimons ORME: KONA... caste Boye 3O 
Cato nie vCill . ARs. 5 oe co Sin ns FO 
MORO eo rao cates eta siete e's Ott ec. O 

“ 

It appears from this Table, that the powers of elastic 
fluids to abstract or conduct away heat from solid surfaces, is 
in some inverse ratio to their density. ‘The nature of the 
surface of the hot body, it has been shown by Dulong and 
Petit, does not affect the conducting power of gaseous bodies ; 
but the state of the gases themselves, as to moisture or dry- 
ness, has a considerable influence ; for moist gases, as is shown 
by Count Rumford’s experiments, conduct heat much more 
rapidly than dry ones. 

Before dismissing the consideration of the gases in general, 
there are a few properties, which it may be proper to notice, 
with the view of comparing the degree in which they belong 
to different individuals of the class. 

I. The exact specific gravity of the different gases is a most 
important element, in calculating the proportion of the ingre- 
dients of compounds, into which they enter. Nothing, indeed, 
can show the importance of this object more strikingly, than 
the fact, that on the precise specific gravities of hydrogen 
and oxygen gases, depend the whole series of numbers, which 
are used to express the weights of the atoms of bodies on the 
Daltonian theory. The following Table exhibits the specific 
gravities of the most important of this class of bodies. 


140 | GASES. CHAP, III, 


TABLE OF THE SPECIFIC GRAVITY OF GASEs.* 
Barometer 30, Thermometer 60°. 


Specific Wt. of 

- eee 1100 cub. | Authorities, 

NAMES .oF. GASES, gravity. trokes" “f 
(i: : Grain 

Atmospheric air si..sscesse+eee--| 1:0000 | 30.50 |Shuckburgh, 

Diltowics, eo ks Alea veceeeee} 1.0000 | 30,199 | Brande, 


Simpce ‘GASES, 5 


OXY PEL ys stdin s fy ane bas cane rkien 1.1088 | 33.82 Allen and Pepys, 


Tiito 0 Ve Tee Paitaees 1.1111 | 33.888 | Thomson. 

Ditto . ...o..c ccc cs cecucceveaee| 11026 | 33.629 | Berzelius and Dulong. 
Chiorine <icget, tet oes ve evee| 20082 | 76.500 |Davy, 

Ditto. :.). 2s eee -2,5000 } 76.250 |Thomson. 

Todine (vapOur) .....eseeee seeeee 8.678 | 244.679 |Gay Lussac. 
Hydrogen...... Rea ears hae 0.0694 2.116 |Thomson. 

Dithnuti ee ene ne aA 0.0688 | 2.098 | Berzelius and Dulong. 
Nitrogen: sescgeseceesaesprcegees| Ob22 | 29-652 ,| Thomson, 3 
Bitio.’, eee ee bveceeceeeeses.| 0-9760 | 29.768 | Berzelius and Dulong. 


Carbon (vapour), ...... eesesee.| 0422 | 12.870 |Gay Lussac, 
Sulphur (ditto)..,..sc.seeeseeeee,| HTL] | 33.888 [Thomson, 


Phosphorus (ditt0).....ecssceevees 0.8333 | 25.416 | Ditto. 


ComeouND COMBUSTIBLE. 


Aidinehta 2). eRe Pe eeibene {iu Tas Allen and Pepys. 
Dithd, <ce-cowe sda puees <odenstys ag fontlD@ek Up heeO? 4] MNGMEO 


PMID Sy ecg cree ees eeeecesesece.| 0.5912 | 18.03 | Berzcliusand Dulong. 
Carbureted hydrogen ,....+5...... 0.5555 | 16.944 |Thomson. . 
Digests seseeeseeeess.| 0.5590 | 17,049 |Berzelius and Dulong, 
Bi-carbureted ditto (olefiant) ...... 0.9722 | 29.652 |Thomson, 

Ditto cigar tes « weer ie ueeiey ..ee.| 0.9804 | 29.90 |Berzelius and Dulong. 


Phosphureted hydrogen. ...,-.+.-- 0.9722 | 29.652 |Thomson, 
Biphosphureted ditto (hydro-phose).| 0.9653 | 29.441 |Ditto. 


Sulphureted hydrogen .........- “| 1.1805 | 36.007 | Ditto. 

Sulphuret of carbon ,..-.eeseeeee-| 26447 80.663 | Ditto. 

Arsenureted hydrogen.......... ..| 0.5290 | 16.130. |Tromsdorff. 
Cyanogen ....-eeeeeee seceeeee..| 1.8055 | 55.069 |Gay Lussac, 

Ditto wens settee ems eee veeesees| 1.8188 | 55.473 |Berzelius and Dulong. 
Ether sulphuric (vapour)...... ....| 2.5808 | 78,714 |Berzelius and Dulong, 


~muriatic (ditto) ....seeee+6| 2-2190 | 67.679 |Thomson, 

. hydriodie(ditto).....5.%.-.+] 0.4750 166.987 |Ditto. 

~~ chloric, (Mitta) .- Saeessi ...»| 3.4750 | 105,257 | Ditto. 

Alcohol (ditto) .......-. seveeseees| 1.6004 | 48.812 |Berzeliusand Dulong. 
Turpentine, oil of (ditto). ........| 5.0130 152.896 |Thomson,  ~ 


\ 


OXIDES. 


Aqueous vapour.....sseeeseeeeee-| 0.6235 | 19.016 |Gay Lussac. 
Nitrous oxide ,,.ececeeeseceeesess| 1.5277 | 46.597 |Thomson. 
Ditto..... cavessvcsececcessecne! 15273 | 46,582 |Berzeliusand Dulong, 


acerca eT a ae 
* Gay Lussac’s Table, which is more copious, but in which the num- 
bers are not reduced to a mean of the barometer and thermometer, is copied 
into Thomson’s Annals, ix. 16.; a Table by Professor Meinecke of Halle 
+s inserted in the Journal of Science, &c. iii. 415. Dr. Thomson’s elabo- 
rate paper on this subject is printed in the 16th volume of Annals of Phi- 
losophy ; and Berzelius and Dulong’s in the 15th volume of Annales de 
Chim, et de Physique. : pt h 
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Table of Gases continued. 


F Wt. of 
NAMES OF GASEs. poate 100 cub. Authorities.. 
inches, 
Oxides continued. __ | Grains, 
Nitric Oxides! 2'5 3. Fis oa weees| 1.0416 | 31.770 ‘Thomson. 
TING cnn eects SUS A van Core sub t 6 s wet E 4) SUaOu Berzeliasand hal 
Carbonic oxide ...........e00000+| 0.9722 | 29.652 |Thomson. 
Dit vive vives owing sss séenseeees «|, O90e! | 29.667 \Berzelius and Dulong, 
Acips. 
Carbovic i. ficcar< sy seced patsaee | 1.5207, |. 46.597 | Thomgon: 
BU vans Crd oe ee a mses ties Sec + 4 & 1.5240 | 46.481 |Berzelius and Dulong. 
Chlorocarbonic (Phosgene). . weeeee! 34722 | 105.902 'Thomson. 
Chlorocyanic (vapour),...ss..e0.. 2.1520 | 65.636 | Ditto. 
Fluoboric. . eS Adee see eek ee .| 2.3709 | 72.312 | Ditto. 
FPluo-svlier@,. ve sea 8 ve cow's Jeet 3.5135 | 108002. | Ditto. 
PHvdriodie....'s, Jecaay +08 ae kasas 4,3750 | 133.434 | Ditto. 
Hydro-cyanic (vapour)............ 0.9368 | 28.572 |Ditto. 
MAFIA Opin dis bonteisin nist de,tiee's vee.) Leet | 39.183 |Ditto. 
Nites fase Laren Sere 2.4250 | 73.96 |Sir H. Davy. 
Sulpburous ,............ OF eels 2.2222 | 67.777 |Thomson. 
Sulphuric (vapour)........ Ate Tene 2.7117 | 84.698 Ditto. 


II. All solid bodies, that possess a certain degree of porosity, 
are capable of absorbing gases. This was first observed in char- 
coal, the power of which to condense different gases will be 
fully described in the section on that substance. It has been 
found, also, by Saussure, jun. to belong to a stone called 
meerschaum, to adhesive slate, asbestos, rock cork, and other 
minerals; and to raw silk and wool. The following general 
principles are deducible from the experiments of Saussure.* 

1, It is necessary to deprive the solid of the air which it 
naturally contains. When of a nature not to be injured by 
heat, this is most effectually done by igniting the solid, and 
quenching it under mercury, where it is to be kept, till ad- 
mitted to a given volume of the gas to be absorbed. Solids 
that are decomposable by heat may be deprived, though less 
effectually, of air, by placing them under a receiver, which 
gee then be exhausted by the air-pump. 

The same solid absorbs different quantities of different 
faites. Charcoal for instance condenses 90 times its bulk of 
ammoniacal gas, and not quite twice its bulk of hydrogen. 

3. Solids, chemically the same, absorb different quantities 
of the same gas, according to their state of mechanical aggre- 


* Thowson’s Annals, vi. 241. 
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gation. Thus the dense charcoal of box-wood absorbed 74. 
volumes of air, while a light charcoal, prepared from cork, 
did not absorb a sensible quantity. 

4. Different’solids absorb different quantities of the same 
gas; the quantity of carbonic acid absorbed by charcoal being 
about seven times greater than that absorbed by meer sehen: 

5. When the solid exerts no chemical action on the gas, 
the absorption is terminated in 24 or 36 hours. 

6. The effect of moistening the solid is to retard the absorp- 
tion and to diminish its amount: and when a gas has actually 
been absorbed, it is again driven out unchanged, partly by 
water of the ordinary temperature, and entirely by exposure 
to a boiling heat. 

7. Dur ph re absoption of a gas by a solid, the tempera- 
ture of the latter rises several degrees, and bears a proportion 
to the absorbability of the gas, and the rapidity with which it 
is condensed. : 

§. Sclids condense a greater number of volumes of the more 
absorbable gases, under a rare than under a dense atmosphere; 
but if the absorption be reckoned by weight, it is most consi- 
derable under the latter state. 

9. When a solid saturated with any one gas is idfietaldiodt 
into an atmosphere of any other gas, a portion of the first is 
expelled, and a part of the second takes its place. | 

III. Gases are absorbed by liquids. On this subject the fol- 
lowing general principles may be laid down. 

1. The same liquid absorbs different quantities of different 
gases. Thus water takes up its own bulk of carbonic acid, 
- and not one fiftieth of its bulk of hydrogen gas. | 

2. Different liquids absorb different quantities of the same 
gas. Alcohol, for instance, absorbs almost twice as much car- 
bonic acid,,as is taken up by an equal volume of water. 

3. The absorption is promoted by first freeing the liquid 
from air, either by long continued boiling in a vessel with a 
narrow neck, or by the air-pump. It requires, also, brisk 
and long continued agitation, see ee with the less absorb- 
able gases. 

4. ‘It does not appear that the gases are absorbed by all 
liquids in the same order. Jor example, of four gases, naphtha 
absorbs most olefiant gas; oil of lavender most nitrous oxide: 


& 
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olive oil most carbonic acid; and solution of muriate of potash 
most carbonic oxide. 

5. The viscidity of liquids, though it does not much influ- 
ence the amount absorbed, occasions a longer time to be spent 
in effecting the absorption. On ‘te other hand, the amount 
of any gas which is absorbed by water, is diminished by first 
dissolving in the water any saline substance. 

6. In general the lightest liquids possess the greatest power, 
of absorbing gases; whereas, when there is no evident chemi- 
cal action, the heaviest gases are absorbed most copiously and 
rapidly by the same liquid. 

7. The temperature of a liquid is raised by the absorption 
of a gas, in proportion to the amount and the rapidity of the 
absorption. 

8. In all liquids the quantities of gases absorbed are directly 
as the pressure. For example, a liquid, which absorbs its 
own bulk of gas under the pressure of the atmosphere, will 
still absorb its own bulk of the same gas under double, triple, 
&c. pressure; but its own bulk of gas, twice compressed, is 
equal to double its bulk of gas ordinarily compressed, and so 
on. The proofs of this law, I have given at length in the 
Philosophical Transactions for 1803. 

9. When water, or probably any other liquid, is agitated 
with a limited quantity of any mixture of two gascs, it does 
not absorb one gas to the exclusion of the other, but absorbs 
a portion of both. In this case, the density of each gas in the 
water or liquid has a constant relation to that without, for the 
same gas. ‘Thus in carbonic acid gas, the density is the same 
within and without the water; in olefiant gas and phosphuret- 
ed hydrogen, the density within is 1-Sth of that without ; in 
-oxygen and carbureted hydrogen, &c. the density within is 
1-27th of that without; in azote and hydrogen, it is about 1-50th, 
according to Dalton, though he originally stated itto be 1-64th, 
under the impression that the distances of the particles within 
were always some multiple of those without. This concise 
enunciation of the general law, deduced by Mr. Dalton 
from his experimental enquiries, will be better understood by 
the illustrations contained in a paper published in the Annals 
of Philosophy, vii. 216, where the reader will find a formula for 
ascertaining the quantities of mixed gases absorbed by water. 
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The principle, on which gases are absorbed and retained by 
liquids, is still a subject of controversy. By Berthollet, Thom- 
son, Saussure, and the generality of chemists, it is ascribed, in 
all cases, to the exertion of a chemical affinity between the gas 
and the liquid ; but it is contended by Mr. Dalton and myself 
that the effect in most cases is chiefly, if not wholly, mechani- — 
cal. The discussion would lead me into details of too great a 

‘length: and I refer, therefore, for a statement of the argu- 
ment, to two papers which I have published in the 8th and 
9th volumes of Nicholson’s Journal; to Mr. Dalton’s New 
System of Chemical Philo8ophy ; and to his essay, in the 7th 
volume of Dr. Thomson’s Annals, which contains a reply to 
the objections, advanced against the mechanical theory by 
Saussure, in the 6th ole of the same work. 

IV. The velocities, with which different gases, when con- 
densed artificially by the same degree of pressure, escape 
through a capillary tube, has been shown by Mr. Faraday to 
vary very considerably.* The following table exhibits the com- 
parative times required by some of the gases to escape from a 
vessel in which they were all equally compressed at the outset, 
till their density arrived at an atmosphere and a quarter. 


Carbonic acid required...........+ 156.5 minutes. 
Olefianf gas s Jes 640 v0i oi ns 2 HOSS 
Comnton.altenckh testo ewes. 91h ob 228 

Coal gasic.tss stews 204 sotine chek LOO 


Hydrogen ssssssceceseeseseveces 57 


These differences cease to exist at low pressures; for equal 
volumes of hydrogen and olefiant gases passed through the 
same tube, at equal low pressures, in almost the same time, 
Through small needle holes, hydrogen gas, pressed by a small 
<a of mercury, escaped about three times more quickly 
than olefiant gas. Increasing the pressure, the same propor- 
tions were observed; and also, though not to the same de- 
gree, when the gases were expelled through slits cut by a 
penknife. Both glass and metal tubes produced the effect, 
and it was heightened as the gas was made to pass more slowly 
Neen ncn een en eae ee ee eee 

* Journal of Science, &c. iii. 354. vii, 106, 
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/~ 
through the tube, and this whether the increased tinfeyere 
caused by diminished pressure, increased length of tube, \or 
diminished diameter. The specific gravity of the gases seems 
to have no influence, for carbonic acid, olefiant, and oxygen 
gases, under the same pressure and other equal circumstances, 
required respectively 4’ 6”, 3’ 3, and 5’ 45”, for the escape 
of the same quantity of gas, numbers, as will be seen from 
the foregoing Table of Specific Gravity of Gases, bearing 
no proportion to their relative weights. What is singular in 
these results is, that the ratio for the same gas varies with 
the pressure, and that this variation differs in different. gases. 
Thus the one which passes with the greatest facility at low 
pressures, passes with the least at high pressures. 

‘This investigation has been pursued and extended by M-. 
Girard. (An. de Chim. et de Phys. xvi. 129.) He was permit- 
ted to use for his experiments the gazometer and pipes belong- 
ing to one of the gas lighting establishments at Paris. The 
gases operated upon were common air, and carbureted hy- 
drogen, which, when allowed to escape at different distances 
from the gazometer, through equal apertures in a three inch 
pipe, and under the same pressure, gave the following results: 


The distances being .......... 1288, 3758, 6228 
The quantities of carb. hyd. were 1281, 710, 541 
Ditto of common air...... 902, 541, 394 


The escape of carbureted hydrogen, therefore, considerably 
exceeded that of common air, but not in proportion to its in- 
ferior specific gravity, which is not much more than half that 
of the atmosphere, while the excess in the escape of the 
lighter gas is far from being double that of the heavier. 
Similar results were obtained when the gases were expelled 
through tubes of 7 lines in diameter, or through an aperture 
in the side of the gazometer, the lighter gas being discharged 
in both cases the most abundantly. In the latter case, each 
gas escaped 11 times faster, than when it had to traverse a 
tube of the same diameter as the hole, and 127 metres 1m 
length. In all cases, equal quantities of gas, in any one expe- 
riment, escaped in equal times. | 

These phenomena of the movement of gases through pipes; 

VOL. f, ie 
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M. Girard aigett are exactly the same as those of the linear 
movement of incompressible fluids; and he draws several 
conclusions, which are important to those practically en- 
gaged in operations that require the transmission of gases 
through long tubes; for which, however, I must refer the rea- 
der to the memoir itself. 

V. The colour of the electric spark, when transmitted, through 
different gases, has been observed by De Grotthus* to be as 
follows : 

In atmospheric air of double density, the spark was more 
brilliant, but not coloured. | 


In Hydrogen easy is 6 vee desist to we eee PUNE. 
— phosphureted hydrogen ........... red. 
ATT G, ie eee cure acin eeeeee 
— dry carbonic acid gas............. violet. 
— OXYPCN GAS. rsvvverseisavevevvces ditto. 
~—- ACUICOUS VADOUL. «ais sistas Mees oe LAUCe. 
— vapotr of ether 


“ak De did ia .natie céladon green! 
== ditto “of ane ae) 


‘The yeneral inference from his experiments is, that the 
intensity of electric light is always in a direct proportion to 
the density of the gas, and in the inverse proportion to the 
conducting power of the gas for electricity. — 

VI. The comparative soniferous properties of the gases have 
been determined by Messrs. Kerby and Merrick ; but as these 
belong rather to mechanical than to chemical science, I shall 
content myself with referring to the account of them in the 
27th and $3d volumes of Nicholson’s Journal, and in the 45th 
volume of the Philosophical Magazine. 


—a 
SECTION VI. 
Specific Caloric. 


Eouat weights of the same body, at the same temperature,. 
contain the same quantities of caloric. But equal weights .of 
ed Ree ak asi, aR ey SE 


* g2 An. de Chim. 34. 
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different bodies, at the same temperature, contain unequal 
quantities of caloric. ‘The quantity of caloric, which one 
body contains, compared with that contained in another, is 
called its specific caloric; and the power or property, which 
enables bodies to retain different quantities of caloric, has been 
called capacity for caloric. ‘The term specific heat has been 
employed also to denote the quantity of caloric which a body 
requires, in order to be heated a single degree, or through a 
certain number of degrees, relatively to that required by any 
other body to produce the same change. The method of de- 
termining the specific caloric of different bodies, is as follows: 

It has already been observed, that equal weights of the 
same body, at different temperatures, give, on admixture, the 
arithmetical mean. Thus, the temperature of a pint of hot 
water and a pint of cold, is, after mixture, yery nearly half 
way between that of the two extremes. But this is not the 
case, when equal quantities of different bodies, at different 
temperatures, are employed. 

(a) Ifa pint of quicksilver at 100° Fahrenheit, be mixed 
with a pint of water at 40°, the resulting temperature will not 
be 70° (the arithmetical mean), but only 60°. Here the quick- 
silver loses 40° of heat, which nevertheless raise the tempera- 
ture of the water only 20°: in other words, a larger quantity 
of caloric is required to raise the temperature of a pint of wa- 
ter, than that of a pint of mercury, through the same num- 
ber of degrees. Hence it is inferred, that water has a greater 
capacity for caloric than is inherent in quicksilver. 

(L) The experiment may be reversed, by heating the water 
to a greater degree than the quicksilver. Ifthe water be at 
100°, and the mercury at 40°, the resulting temperature will 
be nearly 80°; because the pint of hot water contains more 
caloric, than is necessary toraise the quicksilver to the arith- 
metical mean. 

(c) Lastly, if we take two measures of quicksilver to one of 
water, it is of no consequence which is the hotter; for the re- 
sulting temperature is always the mean between the two ex- 
_tremes; for example, 70°, if the extremes be 100° and 40°. 
Here, it is manifest, that the same quantity of caloric, which 
makes one measure of water warmer by 30°, is sufficient for 

L.2 
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making two measures of quicksilver warmer by the:same num- 
ber. Quicksilver has, therefore, a less capacity than water 
for caloric, ‘inthe proportion, when’ equal measures aretaken,. 
of one to two. 

If, instead of equal bulks of quicksilver and water, we‘had 
taken equal wetghts, the'disparity between the specific'caloric 
of the mercury and ‘water would have been still greater. Thus 
a pound of water at'100°, mixed with a pound of mercury at 
40°, gives'a temperature of 9719, or 272° above the'arithmeti- 
calmean. In this experiment, the water, being cooled from 
100° to 972°, has lost a quantity of caloric reducing its tempe- 
rature only 21°; but this caloric, communicated to the pound 
of mercury, has occasioned, in its temperature, a rise of no less 
than 572°. ‘Theréfere, a quantity of caloric, necessary ‘to 
raise ‘the ‘temperature ‘ofa pound’of water 21°, is sufficient to 
raise ‘that-of a ‘pound ofitiercary’571°; or, by the'rule of pro- 
portion, the caloric, whicli ‘raises the temperature of a pound 
of water 1°, will raise that of a pound of quicksilver about 
23°. Hence’ it is inferred, that ‘the quantity of ‘caloric con- 
tained in ‘water, is ‘to that ‘contained in the ‘same weight of 
quicksilver as 23° to 1°. Or, stating ‘the caloric of water at 
1°, that of quicksilver will be <4, part’of 1°, or 0:0485.* 

In a similar manner may the ‘specific heats of other bodies 
be ascertained. Ifa‘pound of water at 100°, and the same 
weight of oil at 50°, be mixed, the resulting temperature ‘is 
not 75°, (the mean) "but 83°; the water, therefore, has lost 
only 162°, while’the oil has gained 332°. Or if equal weights 
of water at 50°, and oil at 100°, be mixed, the resulting ‘tem- 
perature is 661°, so that the oil has given out 332°, and the 
water has increased only 162°. (Dr. Thomson’s Chemistry, 
vol. i.) Hence the heat, which raises a given weight of water 
1°, will raise the same weight of oil 2°; and as the specific 
heats are inversely as the changes of temperature, the specific 
heat of water may be called 1, and that of oil 0.5. 

¥n'some instances, it is not possible intimately to mix toge- 
ther’ the bodies under examination. When the ‘eal heat 


* The above numbers, which differ from those commonly stated, are 
given on the authority of Mr. Dalton. ad 
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of a solid mass.of metal is to be ascertained, it may be heated 
throughout to. a certain degree, and, then surrounded: by 
water of 32°, observing the increase of temperature which is 
gained by the water, and. calculating the specific heat in the 
same manner as before. This was. the method of Wilcke; 
but Lavoisier and Laplace substituted ice for water, placing, by 
means of an apparatus called the Calorimeter, the. heated 
body in the centre of a quantity of ice, and determining the 
caloric evolved, by the quantity of ice melted in each in- 
stance. 

When this comparison is extended to a great variety of bo- 
dies, they will be found to differ very considerably in their ca- 
pacities for caloric. The results cf numerous experiments of 
this kind are comprised in a table of specific caloric.* 

The capacities of bodies for caloric influence, considerably, 
the rate at which they are heated and cooled. In general,. 
those bodies are most slowly heated, and cool most slowly,. 
which have the greatest capacities for heat.t ‘Thus, if water 
and quicksilver be set, in similar quantities, and at equal dis- 
tances before the fire, the quicksilver will be much more ra- 
pidly heated'than the water; and, on removal from the fire, it 
will cool with proportionally greater quickness than the water. 
By ascertaining then the comparative rates of cooling, we may 
determine, with tolerable exactness, the specific caloric of 
bodies. 

It has been doubted whether the specific heats of bodies 
are permanent so long as, they retain their form; in other 
words, whether a quantity of heat, which raises a body 
through a certain number of degrees at any one temperature, 
will raise it through an equal number of degrees at other tem- 
peratures. This subject, to which Mr. Dalton had formerly 
turned his attention,{ shas been lately investigated more com- 
pletely by Petit and Dulong.§ They heated the body to be 
tried to the required’ temperatures, and. ascertained what 
number of degrees of heat it communicated to a certain quan- 
tity of water. Repeating these trials at various points of the 
thermometric scale, they found that the specific heats of bodies 


wee the Appendix. ++ See Martine, on Heat, page 74. 
New System, voi. i. p. 53. § Annals of Philosophy, xiii. 
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are greater at high than at low temperatures. 
specific heat of iron was found to be as follows : 


Centigrade. 
From 0 to 100°.. 


seingleyOrtonSOnRe,\3 
0.t0- 3850? 4.1. 


er O to 900° obey 
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Thus the 


Specific heat. 


pai. oO. 


oeeet*tee @ 0. 
eeeess 0. 


1098 
1218 © 
1255 


The same law was found to extend to various other bodies, 
as is shown by the following Table: _ 


Sp. heats between 
0° and 100° cent. 


Sp. heats between 
0° and 300° cent, 


Meer cry is aie feias enue state AOG 0 nie me ote.s eter O,0a00 
TAR cee arale. in in dante MUNA, Lea, 8g dace 0.1015 
ANTIMONY)... a creie- 2090 Oo0D07 coo 9 ons or «000049 
SHIVEL |... si ceo: erste sees Ose Gault nh Gerace oe) 
CODDER. hc pcbecs« fax eC OOLS. ice it eis 
Platip we). dcaspic spike ORO SOD he ous one tunes OM 
Gidss ures. sie bie af Fg 8 Sehr ste Se LOO 


Another important law, deduced by Petit and Dulong, 
from their researches on heat is, that the atoms of all simple. 
bodies have precisely the same specific heat. This will appear 
from the following Table, the third column of which ex- 
presses differences so small, that they may reasonably be im- 
puted to. unavoidable inaccuracies in the method of deter- 
mining the true weights of the atoms. 


Bismuth...... pee 


RO ee SC coy aie 


Tin ee eee#es eeeesr# 
Silver..... 
Zinc 


Tellurium ... 


oeoevee 


aeeee 


UMP ote eis eis 


Nickel .. 
Tron-nsrecercerrcit 


Cobalt... agtiqaviasuen. 


Sulphyry. wteapeatit ta ete eo 


eseeeoe0eeet#tekesesee ee et @ 


Sp. heats, that] Wght. of the 
of water being|atoms, that of 


ie oxyg. being 1. 
-+-| 0.0288 .| 13.300 
e+e 0.0293. |] 12.950 
---| 0.0298" | 12.430 
0.0314 | 11.160 
0.0514 7.350 
. 0.0557 6.750 
. | 0.0927 4.030 
..| 0.0912 4.030. 
0.0949 Deo h 
-.| 0.1035 3.690 
7*O4-100 3.392 . 
...| 0.1498 | - 2.460 | 
0.1188 2.011 


Product of the 
weight of the 
atom by the 
Sp. beat. 


0.5830 
0.3794 
 0.3'704 
0.3740 
0.3779 
0.3759 
0.3736 
0.3675 
0.5755 
0.3819 
0.3731-- 
0.3685 


0.3780 
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The determination of the specific heat of gases is a difficult 
and important problem, which has successively employed the 
labour and ingenuity of Crawford, Lavoisier and De la Place, 
Leslie, Gay Lussac, Dalton, Delaroche and Berard, and Cle- 
ment and Desormes. The details of the experiments of 
Delaroche and Berard are given in the 85th volume of the 
Annales de Chimie, preceded by an historical review of the 
labours of their predecessors. The following Table contains 
the general results : 


TABLE OF THE SPECIFIC HEATS OF SOME GASES. 


ME Under equal | Under equal Specific 
Na Es oF Gaszs. qua q P 


volumes, weights. gravities. 

. Atmospheric ait 5.0... bs 1.0000 | 1.0000 {| 1.0000 
Hydrogen gas..............| 0.9033 {12.340 0.0732 
Oxyoen ¢ ASiectiyiks kia hiters « -.-| 0.9765 | 0.8848 | 1.1036 


Nitrogen PAS Sh onion chapel om «iat ers ge LeOUDO,) tak. QB US oh,.0,.969.1 
Nitrous GMIIOr. 0 6p a siete weep ol 2b. 8H03~ |) 0.8878. 1: 135209 


DER AO MRE a cs ceri ves Lboa0e | 1.5703.) 0.9885 
Carponic oxide... J. ss 3 --. 1.0340 | 1.0805 | 0.9569 
COAT OR CPACIE VEE LTR, OR 1.2583 | 0.8280 | 1.5196 


Taking water as unity, the specific heats of the gases are 
as follow : | 


Table of the Specfiic Heats of the Gases, water being taken 
as unily. 
WCE eee Ne eee are one rc L.OD0U 
Atmosphere air y's... ess +s» Us 2069 
RPVOIOGEH PAS... sy ce ces ee ees S2050 
REIT ee oc kee s Pes va be re Use 
REL ree ata vaiachs o% st.ne p ree UeaoOk 
PAMG CeCe Ce nC ee tee as . 0.2754 
PTOLONIC’ OF RZOTE. yee ty ee cae UL 2000 
CEMA Cate Meee tcc ee ses oe. UceeU TL 
Oride of Carbon’ Seer ccc ts os UZood 
Ried OL WHEE owe ce eae rt es, UrentO 


After having thus determined the specific heats of the gases, 
MM. dela Roche and Berard ascertained that the spe- 
cific heatof any one gas, considered with respect to Its volume, 
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augments with its density, but in a proportion less than the 
increase of density. On this subject, M. M. Clement and 
Desormes have given the following results: 


Under the 


pressure of Sp. nee 


in. of mer. 


Atmospheric air...... 39.6 
BUtOW FH). I 29.84 
DUO ck oa Thre oe tee a 
POO. oie d ohein Gelinie ik PERT ee 
Ditto. vet. Ne ie 
PBOUC Basins seis fale eae 
OXY AEN... rene erwlmene come LOSE 
Hydrogen. .....0.50+ 29.84 


@eecveeveeveo ee 1.215 
eer eee tis ROGs 
cee ls Ses BOS 


ibis (a sachs awe OREO 
pilseeide .. 0.368 
eoese es 1.000 


ckedencgoivial <nistmaee tenets 
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OF LIGHT. 


Tuer laws of light, so far as they relate to the phenomena of 
its movement, and to the sense of vision, constitute the science 
of orrics; and are the objects, therefore, not of Chemistry, 
but of Natural Philosophy. It may be proper, however, by 
a brief statement of its physical properties, to recal them tothe 
memory of the reader. 

1. The light of the sun moves with the velocity of 200,000 
miles in a second of time, in consequence of which it passes. 
through the whole distance between the sun and the earth in 
about eight minutes. ; 

Qdly. While it continues to move through a transparent 
medium of uniform density, its motion is in perfectly straight. 
lines, but in passing obliquely out of one medium into another,, 
it undergoes a change of direction. If the new medium be 
denser than the old, the ray of light is bent or refracted nearer 
to the perpendicular; but in passing out ofa denser into a 
rarer medium it is refracted from the perpendicular; and 
there is a constant proportion between the sine of the angle of 
incidence and that of refraction. ‘Transparent media, also, 
not only cause a change of the direction of a ray, but decom- 
pose it into its constituent parts, an effect which has been 
called dispersion. 

3. In general the amount of refraction is proportional to 
the density of a body, but inflammable substances cause a 
greater refraction than might have been inferred from their 
densities, and the refractive power of the same inflammable 
substance bears a proportion to its perfection, insomuch that 
this property may be used asa test of its purity. Thus Dr. 
Wollaston found that genuine oil of cloves has a refractive 
power of 1.535, while that of an inferior quality did not ex- 
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ceed 1.498. The powers of the gases to refract light are ex- 

hibited in the following table by MM. Biot and Arago, from 

which it appears that the combustible gases surpass the others 

in this property, and that hydrogen gas exceeds them all. 

Table of the. Refracting Powers of different Gases. (Therm. 
32° Fahr. Bar. 80 in.) 


Atmospherice/aira:S'. wae). oe 18) Pst 0 0ene 


Carbonic acid Qu. t0 2a ant ¢ i J 00476 
Avzoticrgas! ual BS 2 PTS. A wees 1.03408 
Miuriatic atid gas iach). «Yipee. aneZp 
ORV OHI AS. cP BREE ... 1.86161 


Carbureted hydrogen ........0% 0.) 2.09270 
Am nionia 2b ANY yom ees ola Gear 
Tydroven’ gas a eiio. As Atel SO VO 262436 


4. When a ray of light arrives at the common surface of 
two media, and, instead of passing from the one into the other, 
is turned back into the first, this turning back is called re- 
Hection. The angles of incidence and reflection are, in this 

ease, always equal, whatever may. be the obliquity of the in- 
cident ray. 

5. All objects seen by reflection or refraction appear in that 
place or direction from whence the rays were last reflected 
or refracted to the eye. | 

6. There are certain bodies (Iceland spar for example) 
which exhibit a double image of any object that is viewed 
through them, or are said to refract doubly. In this case, one 

- portion of the light is refracted according to the common law, 
the other undergoes an extraordinary refraction, in a plane 
parallel to the diagonal which joins the two obtuse angles of 
the crystal. Ifthe ray, which has thus suffered double re- 
fraction, be made to fall on another crystal placed parallel to 
the first, no new division of the rays will happen; but if the 
second crystal be placed in a transverse direction, that part of 
the ray, which before suffered ordinary refraction, will 
now undergo extraordinary refraction; and that which un- 
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derwent’ extraordinary refraction will now suffer ordinary 
refraction. 

7. A ray of light, falling upon a polished surface of glass 
at an angle of 35° 25a 38 “aepieee in a straight line at the 
same angle. But if a second plate of glass be so placed that 
the reflected ray will fall upon it likewise at an angle of 35° 25’, 
and if the second plate be slowly turned round its axis, without 
varying the angle which it makes with the ray that falls upon 
it, a curious phenomena is observed. If the planes of reflec- 
tion be parallel to each other, the ray of light is reflected from 
the second glass in the same manner as from the first. But if 
the second glass be turned round a quadrant of a circle, so as to 
make the planes of reflection perpendicular to each other, the 
whole of the ray will pass through the second glass, and none 
of it will be reflected. When the second glass is turned round 
another quadrant of a circle, so as to make the reflecting 
planes again parallel, the ray will be reflected by the second 
glass as at first; but when turned round three quadrants, the 
Whole light will be again transmitted, and none of it reflected. 
Under certain circumstances, therefore, light can penetrate 
through glass when in one position, but not in another. In ~ 
the latter case, it has been termed by Malus polarised light, on 
the supposition that the light has been bent into another po- 
sition, as the needle is by a magnet.* For a popular state- 
ment of the discoveries of Malus, the reader is referred to the 
33d vol. of Nicholson’s Journal, p. 344; for those of Dr. 
Brewster to the Phil. Trans. for 1813 and following years ; 
and for the experiments of Biot and Arago to the 94th vol. 
of Annales de Chimie, or to the Traité de Physique of the 
former philosopher. 

Light is capable of producing also important chemical ef- 
fects, and of entering into various chemical combinations. Its 
action is, for the most part, exerted in de-oxidizing bodies ; 
and facts of this kind cannot be perfectly understood, until two 
important classes of bodies have been described, vx. those o 
oxides and of acids. In this place, therefore, I shall state only 


* Thomson's Chemistry, i. 16. 
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a few of its least complicated effects ; and shall trace its agency 
on individual bodies, as they become the objects of experiment 
in the sequel. 

I. Light, in the state in which it reaches the organ of vision, 
it is well known, is not a simple body, but, is ishable of being 
divided, by the prism, into seven primary rays or Nena 
viz. red, orange, yellow, green, blue, indigo, and violet. These 
are refrangible in the above order, the red being least refran- 
gible, and the violet most so. The image formed’ by the dif- 
ferent rays, thus separated, constitutes the SOLAR SPECTRUM. 
If it be divided into 300 parts, the red will occupy 45 of these 
parts, the orange 27, the yellow 48, the green 60, the indigo 
40, and the violet 80. Dr. Wollaston found, however, that 
when a beam of light only th of an inch broad is received 
by the eye, at the distance of ten feet, through a clear prism 
of flint glass, only four colours\are seen, viz: red, yellowish 
green, blue, and violet. The different coloured rays, being 
collected by a lens into a focus, again produce uneoloured 
light. 

II. Heat and light are not present, in corresponding de- 
grees, in different parts of the solar spectrum. With respect 
to the zluminaiing power of each colour, Dr. Herschell found 
that the red rays are far from having it in an eminent degree. 
The orange possess more of it than the red; and the yellow 
rays illuminate objects still more perfectly. The maximum of 
illumination lies in the brightest yellow or palest green. The 
green itself'is nearly equally bright with the yellow; but from 
the full deep green the illuminating power decreases very 
sensibly. ‘That of the blue is nearly on a par with that of 
the red; the indigo has much less than the blue, and the 
violet is very deficient.* 

III. The heating power of the rays follow a different order. 
—If the bulb of a very sensible air thermometer be moved in 
succession, through the differently coloured rays, it will be 
found to indicate the greatest heat in the red rays; next in 
the green; and so on, in a diminishing progression, to the 


* Philosophical Transactions, 1800, page 267. 
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violet. The precise effects of the different rays, determined 
by Dr. Herschell’s experiments, are as follows: 


The thermometer rose 
gd 


MSc here 
In the blue, in 3 minutes from 55° to 56° 
— oreen, pn igor|) sel leg ottd 58 
yellow, m3 — 56 to62 
full red, ing. ——— 56 to 72 
— confines of red, in 2} ——— 58 ‘to 732 


IV. When the thermometer is removed entirely out of the 
confines of the red rays, but with its ball still in the line of the 
spectrum, it rises even higher than in the ‘red rays; and-con- 
tinues to rise, till removed half an inch beyond the extremity 
of the red rays. In this situation, quite out of the visible light, 
the thermometer rose in 22 minutes from 61 to 79. The ball 
of the thermometer, employed for this purpose, should be ex- 
tremely small,* and should be blackened with Indian ink. 
An air thermometer is better adapted than a mercurial one, 
to exhibit the minute change of temperature that ensues. 
These INVISIBLE HEAT-MAKING RAYS may be reflected by the 
mirror, and refracted by the lens, exactly im the same manner 
as the rays of light. 

A fact has been ascertained by Dr. Delaroche, which seems 
to point out a close connection between heat and light, and a 
gradual passage of the one into the other. The rays of invi- 
sible heat pass through glass with difficulty, at a temperature 
below that of boiling waier, but they traverse it with a facility 
always increasing with the temperature, as it approaches the 
point when bodies become luminous. From these experi- 
ments it would appear that the modification, whatever it be, 
which must be impressed on the invisible rays, to render them 
capable of penetrating through glass, makes them approach 
more and more to the state in which they must be, when they 
enter the eye, and occasion the sensation of vision. 


* Excellent thermometers for this purpose, and others requiring great 


sensibility, are made by Mr. Crichton, of Glasgow, and Mr. Cary, of 
London, 
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The experiments of Dr. Herschell, already confirmed by 
Sir H. Englefield and other philosophers, were found correct 
in the main, when repeated by Mr. Berard,* who observed 
the same progressive heating power in the rays from the 
violet to the red. But he found the greatest heating power 
in the red extremity of the spectrum, and not beyond it. He 
fixed it at the point, where the bulb of the thermometer was 
still entirely covered by the red ray; and the thermometer 
sunk progressively, in proportion as the distance of its bulb 
from the red ray increased. Entirely out of the visible spec- 
trum, where Herschell fixed the maximum of heat, its ele- 
vation above the ambient air was only one-fifth of what it had 
been in the red ray itself. ‘The reflection of invisible radiant 
heat, Mr.. Berard found, follows precisely the same law as that 
of light, and that the rays of heat are ali 5 of polarization 
equally with those of light. . 

V. Beyond the confines of the spectrum on the other side, 
viz. a little beyond the violet ray, the thermometer is not af- 
fected ; but in this place it is remarkable, that there are also 
invisible rays of a different kind, which exert all the chemical 
effects of the rays of light, and with even greater energy. | 
One of the chemical properties of light, it will hereafter be — 
stated, is, that it speedily changes, from white to black, the 
fresh-precipitated muriate of silver.t This effect is produced 
most rapidly by the direct light of the sun; and the rays, as 
separated bythe prism, have this property in various degrees. 
The blue rays, for example, effect a change of the muriate of 
silver in 15 seconds, which the red require 20 minutes to ac- 
complish; and, generally speaking, the power diminishes as 
we recede from the violet extremity. But entirely out of the 
spectrum, and beyond the violet rays, the effect is still pro- 
duced. Hence it appears, that the solar beams consist of 
three distinct kinds of rays; of those that excite heat, and 
promote oxidation; of illuminating rays; and of pE-ox1p1z- 
ING OR HYDROGENATING RAys, It has lately, also, been as- 
serted by Morrichini, that the violet rays have a magnetising 
power, and are capable of reversing the poles of a needle al- 


* Thomson’s Annals, ii. 163. } See chap. ix. sect, 35. 
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ready magnetic.* A striking illustration of the different 
power of the various kinds of rays is furnished, by their effect _ 
on phosphorus. In the rays beyond the red extremity, phos- 
phorus is heated, smokes, and emits white fumes; but these 
are presently suppressed, on exposing it to the de-oxidizing 
rays, which lie beyond the violet extremity. 

‘¢T found,” says Sir H. Davy,+ “that a mixture of chlorine 
end hydrogen acted more rapidly upon each other, combin- 
ing without explosion, when exposed to the red rays, than 
a placed in the violet rays; but that solution of chlorine 
in water became solution of muriatic acid most rapidly, when 
placed in the most refrangible rays of the spectrum. Puce- 
coloured oxide of lead, when moistened, gradually gained a 
tint of red in the least refrangible rays, and at last became 
black, but was not affected in the most refrangible rays; and 
the same change was produced by exposing it to a current of 
hydrogen gas. ‘Lhe oxide of mercury, procured by a solu- 
tion of potash and calomel, exposed to the spectrum, was not 
changed in the most refrangible rays, but became red in the 
least refrangible ones, which must have depended on its ab- 
sorbing oxygen. ‘The violet rays produced, upon moistened 
red oxide_of mercury, the same effects as hydrogen gas.” 

The experiments of Berard{ confirm those of Ritter and 
Wollaston. ‘To show the disproportion between the energies 
of the different rays, he concentrated, by means of a lens, all 
that part of the spectrum, which extends from the green to 
the extreme violet; and, by another lens, all that portion, 
which extends from the green to the extremity of the red. In 


<s.the focus of this last half, though intensely bright to the eyes, 


muriate of silver remained nie two hours ane ed; but in 
that of the former half, though much less bright, it was black- 
ened in less than six minutes. 3 

VI. There is an exception, however, as stated by Dr. Wol- 


* Ann.de Chim. et Phys. iii.323; Jour. of Science, v. 138 ; and Thom- 
son’s Annals, xii. 1. 

+ El. of Chem. Phil. p. 214. 

| Thomson’s Annals, ii. 165, and xvi. 6; also Brewster’s Ed. JOU ree he 
i. 239; and Silliman’s American Journal, i, - 89. 
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laston, to the de-oxidizing power of the rays above-mentioned. 
The substance, termed gum-guaiacum, has the property, when 
exposed to the light, of being changed from a yellowish co- 
lour to green; and this effect he has ascertained to be con+ 
nected with the absorption of oxygen. Now in the most re- 
frangible rays, which would fall beyond the violet extremity, 
he found that this substance became green, and was again 
changed to yellow by the least refrangible. ‘This is precisely 
the reverse of what happens to muriate of silver, which is 
blackened, or de-oxidized, by the most refrangible; and has 
its colour restored, or is again oxygenized, in the least re- 
frangible rays. 

VII. Certain bodies have the property of absorbing the rays 
of light in their totality; of retaining them for some time; 
and of again evolving them unchanged, and unaccompanied 
by sensible heat. ‘Thus, in an experiment of Du Fay, a dia- 
mond exposed to the sun, and immediately covered with 
black wax, shone in the dark, on removing the wax, at the 
expiration of several months. Bodies, gifted with this pro- 
perty, are called soar PHospHoR:. Such are Canton’s, 
Baldwin’s, Homberg’s, and the Bolognian phosphori, which 
will be described hereafter. ‘To the same class belong seve-~ 
ral natural bodies, which retain light, and give it out un- 
changed. ‘Thus snow is a natural solar phosphorus. So also 
is, occasionally, the sea when agitated; putrid fish have a 
similar property; and the glow-worm belongs to the same 
class. "These phenomena are independent of every thing like 
combustion; for artificial phosphori, after exposure to the 
sun’s rays, shine in the dark, or,when placed in the vacuum of 
an air-pump, or under water, &c. where no air is present to 
effect combustion. 

VIII. From solar phosphori, the extrication of light is 
facilitated by the application of an elevated temperature; and, 
after having ceased to shine at the ordinary temperature, they . 
again emit light when exposed to an increase of heat. Several 
bodies, which do not otherwise give out light, evolve it, or 
become phosphorescent, when heated. Thus, powdered fluate 
of lime becomes luminous, when thrown on an iron plate 
raised to a temperature rather above that of boiling water; 
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and one of its varieties, known to: mineralogists under the 
name of chlorophane, gives out abundantly an emerald green 
light by the mere heat of the hand; and after being exposed 
to the sun, or even to a candle, continues to shine in a dark 
place for some time.* The yolk of an egg, when dried, be- 
comes luminous, on being heated; and so also does tallow 
during liquefaction. 'To exhibit the last mentioned fact, it is 
merely necessary to place a lump of tallow on a coal, heated 
below ignition, making the experiment in a dark room. 

IX. Attrition, also, evolves light. Thus, two pieces of 
common bonnet cane, rubbed strongly against each other in 
the dark, emit a faint light. Two pieces of borax er of quartz 
have the same property much more remarkably. 

X. Light is disengaged in various cases of chemical com- 
bination. Whenever combustion is a part of the phenomena, 
this is well known to happen; but light is evolved, also, in 
other instances, where nothing like combustion goes forward. 
Thus, fresh prepared pure magnesia, added suddenly to highly 
concentrated sulphuric acid, exhibits a red heat. 

XI. For measuring the relative intensities of light from 
various sources; an instrument has been contrived, called the 
PHOTOMETER. That of Count Rumford, described in the 
84th volume of the Philosophical Transactions, being founded 
on optical principles, does not fall strictly within the province 
of this work. It. is constructed: on the principle,. that the 
power of a burning body, to illuminate any defined space,. is 
directly as: the intensity of the li¢ht,- and’ inversely as the 
square'of the distance. If two’ unequal lights shine on the 
same surface at equal obliquities, and ati opaque body be‘inter- 
posed between each of them and the illuminated surface, the 
two shadows must differ in’ intensity or blackness; for the 
shadow formed by intercepting the greater light will be illu- 
minated by the lesser light only; at reversely, the other 
shadow will be illuminated by the greater light; that is, the 
stronger light will be attended with the deeper shadow. But 
it is easy, by removing the stronger light to a greater distance, 
to render the shadow, which it produces, not deeper than that 


* Thomson’s Annals, ix. 17. 
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of the smaller, or of precisely the same intensity. This 
equalization being effected, the quantity of light emitted by 
each lamp, or candle, will be as the square of the distance of 
the burning body from the white surface. . 
The photometer of Mr. Leslie is founded on a different 
principle, vx. that light, in proportion to its absorption, pro- 
duces heat. ‘The degree of heat produced, and consequently. 
of light absorbed, is measured by the expansion of a confined 
portion of air. A minute description of the ingenious instru- 
ment contrived by Mr. Leslie with this view, may be seen in 
his work on Heat, or in the 3d vol. of Nicholson’s 4to. Jour- 
nal. In its construction, it bears a considerable resemblance 
to the differential thermometer, already described, and re- 
presented plate i. fig. 7. As both the balls of the latter 
instrument, however, are transparent, no change ensues in 
the situation of the coloured liquid when it is exposed to the 
variations of light. But, in the photometer, one of the balls 
is rendered opaque, either by tinging the glass, or by covering 
it with a pigment; and hence this ball, absorbing the incident 
light which passes freely through the transparent one, the air 
included in it becomes warmer than that of the other ball, 
and, by its great elasticity, forces the liquid up the opposite 
leg of the instrument. A graduated scale measures the amount 
of the effect; and a glass covering defends the photometer 
from being influenced by the temperature of the atmosphere. 
Mr. Brande has ascertained that ry substituting ether, as 
in Dr. Howard’s modification of the differential thermometer, 
the sensibility of the photometer is greatly increased, and that 
it becomes most delicately susceptible of the impression of 
light. An instrument of this sort he found fully adequate to 
determine the comparative illuminating powers of different. 
gases, which cannot be done when the photometer is filled 
with air.* 


é 


* Journal of Science, viii. 220. 
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CHAPTER V. 


ON, THE CHEMICAL AGENCIES OF COMMON AND 
GALVANIC ELECTRICITY. 


Tuar branch of natural science which comprehends the 
phenomena of Galvanism, and the general principles under 
which they are arranged, is only of recent origin. It was not 
till the year 1791, that Galvani, an Italian philosopher, being 
engaged in a course of experiments on animal irritability, 
observed accidentally the contractions, which are excited in 
the limbs of frogs, by applying a conductor of electricity be- 
tween a nerve anda muscle. The theory, which he framed | 
to account for this phenomenon, was, that the different parts 
of an animal are in opposite states of electricity, and that the 
effect of the metal is merely to restore the equilibrium. ‘The 
analogy, however, was afterwards shown to be without foun- 
dation, by Volta, who excited similar contractions by making 
a connection between two parts of a nerve, between two mus- 
cles, or between two parts of the same muscle; but to produce 
the effect, two different metals were found to be essential. 
Hence he was led to infer that, by the contact of different 
metals, a small quantity of electricity is excited: and to the 
agency of this electricity, first upon the nerves, and through 
their mediation on the muscles, he ascribed the phenomena 
in question. 

Several years elapsed, during which the action of galvanic 
electricity on the animal body,-and the discussion of its cause, 
occupied the attention of philosophers. Early in 1800, the 
subject took a new turn, in consequence of the discovery by 
Sigror Volta of the Galvanic Pile; * a‘discovery which has 
furnished us with new and important instruments of analysis, 
capable, if any such there are, of leading to a knowledge of 
the true elements of bodies. From this period, discoveries 
have multiplied with a rapidity, and to an extent, which sur- 


* Philosophical Transactions, 1800; or Philosophical Magazine, vii 2°90. 
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pass any thing before known in the history of science; and the 
facts are now become so numerous, that an arrangement and 
classification of them seem to be preferable to an historical 
detail in the order of time. The method, which appears to 
me best calculated to give a distinct view of the subject, is to 
describe, 

1. The construction of galvanic apparatus, and the circum- 
stances essential to the excitement of this modification of elec- 
tricity : 

II. The facts, which establish its as with the electri- 
city excited by ordinary processes : 

III. The agency of the electric or galvanic fluid in 
ducing chemical chauges : 

IV. The theory, i which these changes, in the present 
state of our knowledge, are best explained : 

WV. The hypotheses, which have been framed to account for 
the origin of the electricity, excited by galvanic arrangements : 
And 

VI. I shall offer a very general view of the phenomena of 
electro-magnetic motion, which, with the principles deducible 
from them, promise to throw light on some of the most in- 
teresting, but obscure operations of nature. 


——zE 
SECTION I, 


Of the construction of Galvanic Arrangements. 

For the excitation of ordinary electricity, it is well known 
that a class of substances are required, called electrics, by the 
friction of which the electric fluid is accumulated, and from 
which it may be collected by a different class of bodies termed 
non-electrics or conductors. When friction, for example, is 
applied to the glass cylinder or plate of an electrical machine, 
that part of the glass, which is in contact with the rubber, at- 
tracts’ the electric fluid from it, as well as from all other con- 
ducting bodies, with which the rubber is connected. The 
glass, regaining instantly its natural. state, repels. the electric 
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fluid, which is received by the prime conductor, placed for 
that purpose. All then that is effected, by the action of the 
machine, is a disturbance of the natural quantity of electricity 
in bodies, or.a transfer of it from some to others, in conse- 
quence of which, while the latter acquire a redundance, the 
former become proportionally deficient in their quantity of 
electricity. 

The conditions necessary to the excitement of galvanic elec= 
tricity are altogether different; for the class of bodies, termed. 
electrics, have now no longer any share in the phenomena. AIL 
that is required is the simple contact of different conducting 
bodies with each other; and it has even been found by Des- 
salgnes that two discs of the same metal, heated to different 
temperatures, give sufficient electricity to excite contractions 
in the legs of a frog, prepared for the purpose. Conductors 
of electricity have been divided into perfect and imperfect, the 
former comprehending the metals, plumbago and charcoal, 
the mineral acids, and saline solutions; the latter, or imperfect, 
including water, alcohol and ether, sulphur, oils, means me- 
talli¢ oxides, and compounds of chlorine. 

The least complicated galvanic arrangement is termed A 
SIMPLE GALVANIC CIRCLE. It consists of three conductors, 
two of which must be of the one class, and one of the other 
class. In the following Tables, constructed by Sir H. Davys 
some different simple circles are arranged in the order of their 
powers, the most energetic occupying the highest-place. _.- 


Table of some Electrical Arrangements, which by combination 
form Voltaic Batteries, composed of two Conductors and \one 
imperfect Conductor. 


Zine, 

Iron, Each of these is the po- Solutions of nitric acid, 

Tin, sitive pole to all the of muriatic acid, 
Lead, metals below it, and of sulphuric acid, 
Copper, negative with respect of sal ammoniac, 
Silver, to the metals above it. of nitre, 

Gold, ~ in the column. of other neutral 
Platina, salts. 

Charcoal. 
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Table of some Electrical Arrangements consisting of one perfect 
- oe Conductor and two imperfect Conductors. 


Copper, 
Silver, Nitric acid, 
Solution of sulphur and potash, Lead, cy Sulpharic acid,. 
of potash, Tin, Muriatic acid, 
of soda. Zinc, Any solutions 
Other Metals, containing acid. 
Charcoal. 


In explanation of these Tables, Sir H. Davy observes, that 
in all cases when the fluid menstrua afford oxygen, those 
metals, which have the strongest attraction for oxygen, are 
those which form the positive pole. But when the fluid men- 
strua afford sulphur to the metals, the metal which, under 
the existing circumstances, has the stongest attraction for 
sulphur, determines the positive pole. ‘Thus, in a series of 
copper and iron plates, introduced into a porcelain trough, 
the cells of which are filled with water or with acid solutions, 
the iron is positive and the copper negative; but when the 
cells are filled with solution of sulphuret of potash, the copper 
is positive and the iron negative. When one metai only is 
concerned, the surface opposite the’acid is negative, and that 
_ In contact with solution of alkali and sifphielt or of ae is 
Ppositive.* 

The powers of simple galvanic circles are but feeble; but 
they may be made bitthiciwnidly appar ent by the following expe 
riments. 

1. When a piece of zinc is laid upon the tongue, and 
piece of silver under it, no sensation is excited, so long as the 
metals are kept apart; but, on bringing them into contact, a 
metallic taste is distinctly perceived. In this case we have an 
example of the arrangement of two perfect conductors (the: 
metals) with one imperfect one (the tongue, or rather the 
fluids which it contains). The metallic taste arises, in all 
probability, from the excitement of a small quantity of elec-- 
tricity by the contact of the metals, and its action on the 
nerves of the tongue. 


* El. of Chem. Phil. p. 148. 
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2. A piece of zinc, immersed under water which is freely ’ 
exposed to the atmosphere, oxidizes very slowly ; but when 
placed in the same situation, in contact with a piece of silver, 
its oxidation is much more rapid. By immersing iron and 
silver (also in contact with each other) under diluted muriatic 
acid, the action of the acid upon the iron is considerably 
increased ; and hydrogen gas is evolved from the water, not 
only where it is in contact with the iron, but where it touches 
the silver. These facts explain, why, in the sheathing of 
ships, it is necessary to use bolts of the same metal which 
forms the plates ; for if two different metals be employed, they 
both oxidate or rust very speedily, in consequence of their 
forming, with the water of the ocean, a simple galvanic circle. 


Of compound Galvanic Circles or Batteries. 


Galvanic batteries are formed by multiplying those arrange- 
ments, which compose simple circles. Thus if plates of zinc 
and of silver, and pieces of woollen cloth of the same size as 
the plates and moistened with water, be piled upon each other 
(fig. 77. pl. ix), in the order of zinc, silver, cloth; zinc, silver, 
cloth; and so on, for twenty or more repetitions, we obtain 
a galvanic battery; termed, from its discoverer, the Pile of 
Volta. ‘The power of such a combination is sufficient to give 
a smart shock, as may be felt by grasping in the hands, which 
should be previously moistened, two metallic rods, and touch- 
ing with these the upper and lower extremities of the pile. 
The shock may be renewed at pleasure; until, after a few 
hours, the activity of the pile begins to abate, and finally 

ceases altogether. . | 

The metals, composing a galvanic battery, may be more 
conveniently arranged in the form of a trough, a happy inven- 
tion of Mr. Cruikshank. In a long and narrow wooden 
trough, made of baked wood, grooves are cut, opposite to 
and at the distance of between 1 and 2 of an inch from each 
other; and into these are let down, and secured by cement, 
square plates of zinc and copper, previously united together 
by soldering. (See figs. 37 and 78.) The space, therefore, 
between each pair of plates, forms a cell for the purpose of 
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containing the liquid, by which the combination is tobe made 
active. T he advantage of this contrivance, over the pile, is 
partly that it is Hones more easily put in order; but, besides 
this, it is a more efficient instrument. When constructed in 
the way which has been described, it affords an example of a 
galvanic combination of the first kind, formed by two perfect 
and one imperfect conductor. But it admits of being modi- 
fied, by cementing, into, the grooves, plates of one eed only, 
and filling the ieile alter ae te with two different liquids, as 
diluted nitric acid and solution of sulphuret of potash. In 
this case, we have a battery of the second order, formed by the 
repetition of one perfect and two imperfect conductors. For 
all purposes of experiment, the first kind of arrangement is 
universally preferred. 

Another modification of the apparatus, which may be called 
the Chain of Cups, was proposed by Volta at the same time 
that he communicated his invention of the Pile; and, from 
the experiments of Mr. Children,* it appears to be a very 
useful and powerful one. It consists of a row of glasses © 
(see fig. 75), such as wine glasses or small tumblers, for the 
purpose of containing any fluid that may be selected. Into 
each of these glasses is plunged a plate of zinc and another of 
copper, each not less than an inch square, which are not to 
touch each other. The plates of different cups are connected 
by metallic wires or arcs, in such a manner that the zine of 
the first cup communicates with the copper of the second ; 
the zinc of the second with the copper of the third; and:so 
on through the whole row. The shock is felt‘on dipping the 
fingers of one hand into the fluid of the first cup, and those 
of the other hand into the last of the series. ‘The superiority 
of this arrangement consists ‘in both surfaces of each metallic 
plate being exposed to the action of the liquid; whereas, by 
soldering the plates together, one of the surfaces of each is 
protected from the liquid, and contributes nothing to ‘the 
effect. The common trough has lately been made to com- 
bine this advantage, by dividing it into cells, not ‘by plates:of 
metal, but by partitions of glass. Into each of ‘these cells 


* Philosophical Transactions, 1809, p.'32. 
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filled with the proper liquid, a plate of each mctal is intro- 
duced, but not so as to touch each other. A communication 
is then made, by a metallic are, between the zinc plate of each 
cell and the copper one of the next, precisely as in the chain 
of cups. More lately the troughs themselves have been made 
of earthen ware, and the partitions of the same material; the 
apparatus being completed, in other respects, in the manner 
already described. The plates, also, are now so suspended 
that when not in use, they may all be lifted out of the cells at © 
once,* And it has been recently ascertained that the power 
of a battery is increased at least one half by placing in each 
cell one zinc and two copper plates, so that each surface of 
zinc may be opposed to a surface of copper.t 

The size of the plates has been varied from one or two 
inches to several feet. The large battery, described by Mr. 
Children in the Philosophical Transactions for 1815, con- 
sisted of plates each six feet by two feet eight inches, equal to 
‘$2 square feet; and the cells were capable of containing about: 
945 gallons of liquid. For ordinary purposes, plates of two 
inches square are sufficient; but for the decomposition of 
several bodies, not less than 100 pairs of plates, each four 
inches square, are required.t The enlargement of the size 
of the troughs, so as to contain this number, would be ex- 
tremely inconvenient; and we may therefore combine the 
power of several troughs, by uniting the zinc end of the one 
with the copper end of the other, by the intervention of a 
metallic wire, or by an arc of silver or zinc. 

A convenient and powerful galvanic battery has been con- 
structed by Dr. Hare of Philadelphia, of zinc and copper 
sheets formed into coils. The zinc sheets were about nine 
inches by six; the copper fourteen by six; more of the latter 
metal being necessary, as, in every coil, it was made to com- 
mence within the zinc, and completely to surround it without. 


* See Pepys in Journal of Science, &c. i. 193. 

+ Phil. Trans. 1815. 

~~ Some useful information respecting the number and size of plates, 
adapted to different purposes, is given by Mr. Singer in Nicholsen’s Jour- 
nal, xxiv. 174, 
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The sheets were coiled so as not to leave between them an in- 
terstice wider than a quarter of an inch. Each coil was in 
diameter about two inches and a half; their number amounted 
to 80; and by means of a lever they were made all to descend 
together into 80 glass jars, 2 inches and 3-4ths diameter in- 
side, and eight inches high, duly placed to receive them. The 
effects of this apparatus, in producing ignition, appear to have 
been very striking, especially at the moment of immersion, 
when Dr. Hare found the effect to be by much the most power- 
ful.* An apparatus of 80 coils produced a vivid ignition in 
charcoal; and when the points of the charcoal were drawn 
three-fourths of an inch apart from each other, a most bril- 
liant arc of flame extended between them. 

It may be sufficient to add, in general terms, that every 
combination, which is capable of forming a simple galvanic 
circle, may, by sufficient repetition, be made to compose a 
battery. ‘The combinations, also, which are most active in 
simple circles, are observed to be more efficient, in compound 
ones. ‘Lhe foregoing tables of Sir H. Davy express, there- 
fore, the powers of compound.as well as of simple arrange- 
ments. } 

To construct a battery of the first order, it is essential that 
a fluid be employed, which exerts a chemical action upon one 
of the metals. Pure water, entirely deprived of air, appears 
to be inefficient. In general, indeed, the galvanic effect is, 
within certain limits, proportional to the rapidity with which 
the more oxidable metal is acted upon by the intervening 
fluid. Spring water was found sufficient, in Mr. Children’s 
immense battery, to produce the ignition of platina wire. The 
fluid generally used is nitric acid, diluted with 20 or 30 times 
its weight of. water. Mr. Children recommends a mixture of 
three parts fuming nitrous acid, and one sulphuric, diluted 
with thirty parts of water. Directions, also, respecting the 
best kind and density of acids, for producing galvanic electri- 
city, are given by Mr. Singer. From his experiments it ap- 
pears, that acid of different densities is required for different 
purposes. The best wire melting charge is formed with. ten 


* Silliman’s Journal, ji. 105. 
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gallons of water, five pounds of nitric acid, and half a pound 
of muriatic acid. 

The power of the apparatus has been found to be inereased, 
when insulated by non-conductors; and when surrounded by 
an atmosphere of oxygen gas; not sufliciently, however, to 
make it necessary to resort to either of these expedients in 
ordinary cases. Oxygen gas disappears in this process, when 
carried on under a receiver; and, after all the oxygen is ab- 
sorbed, the effect ceases, and is renewed by introducing a fresh 
portion. A battery, also, which has ceased to be rent, 
has its activity renewed by emptying the cells of their liquor, 
and uncovering the plates. When the cells are filled with 
diluted nitric acid, the apparatus continues active, even under 
the exhausted receiver of an air-pump, or in an atmosphere 
of carbonic acid or nitrogen gases. But if the cells be filled 
with water only, all action is suspended, by placing it under 
any of these circumstances. Hence it appears that the oxida- 
tion of one or both of the metals, composing the trough, is 
essential to the excitement of galvanic electricity. 

The electric column may be Bien among galvanic arrange- 
ments. It was originally contrived by M. os (eS who aned 
it of discs of Dutch gilt paper, alternated with similar discs 
of laminated zinc. These were piled on each other in a dry 
state, and the instrument, instead of being soon exhausted, 
dike the pile with humid substances, was found to continue 
active for some years.* A similar pile may be formed by 
Jaying a mixture of very finely powdered zinc with common 
glue and a little sugar, by means of a brush, on the back of 
Dutch gilt paper; and, when dry, cutting it into discs; which 
are to be piled on each othert. Zamboni of Verona has con- 
structed a pile of slips of silver paper, on the unsilvered side 
of which is spread a layer of black oxide of manganese and 
honey. ‘These papers are piled on each other to the number 
‘of 2000; then covered externally with a coating of shell Jac; 
and enclosed in a hollow brass cylinder. Two of these piles 
are placed at the distance of four or five inches from each 
other; and between them is suspended on a pivot a light me- 


* Nicholson’s Journal, yol. xxvi. + Phil. Mag. xlvii. 265. 
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tallic needle, which is attracted alternately to the one pile 
and the other, so that it moves between them like a pendulum. 
This instrument has been applied to the measurement of time, 
by causing it to give motion to the pendulum of a clock.* 


= 


* SECTION II. 


On the mutual Relation of Electricity and Galvanism. 


Is the influence, it may now be inquired, which is called 
into action in a way so different from that employed for the 
excitation of ordinary electricity, identical with it or of a dif- 
ferent kind? ‘This question will be decided by examining 
whether any of those phenomena, which are occasioned by 
the agency of the electric fluid, are produced also by that of 
galvanism ; and we shall find the following striking resem- 
blances : : 

1. The sensation, produced by the galvanic shock, is ex- 
tremely similar to that which is excited by the discharge of a 
Leyden jar. Both influences, also, are propagated through a 
number of persons, without any perceptible interval of time. 

2. Those bodies, which are conductors of electricity, are 
also conductors of the galvanic fluid, as the metals, charcoal, 
and a variety of liquids. Again, it is not transmitted by glass, 
sulphur, and the whole class of electrics, which do not con- 
vey ordinary electricity. Among liquids, those only are con- 
ductors of electricity and galvanism, which contain oxygen as | 
one of their elements.+ 

3. ‘The galvanic fluid passes through air and certain other 
_non-conductors, in the form of sparks; accompanied with a 
snap or report; and, like the electric fluid, it may be made 
to inflame gun-powder, phosphorus, and mixtures of hydro~ 
gen and oxygen gases. It has been found, also, by Mr. Chil- 
dren, that in the Voltaic apparatus there is, what is called in 
electricity, a striking distance. With a power of 1250 pairs 
‘of four inch plates, he found this distance to be one 50th of 


* Phil. Mag. xlv. 261. and Ann. de Ch. et de Phys. xi. 190. 
¢ Cruickshank, in Nicholson’s 4to, Journal, iv. 258. 
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an inch, the thickness of a plate of air, through which the 
galvanic discharge is able to pass in the form of a spark. 
Increasing the number of plates, the striking distance will be 
greater; and the reverse when it is diminished. It is also 
increased by rarefying the air, through which the spark is 
transmitted. 

4, The Voltaic apparatus is capable of communicating a 
charge to a Leyden jar, or even to a battery. If the zinc end 
of a pile (whether it be uppermost or the contrary) be made to 
communicate with the inside of a jar, it is charged positively. 
If circumstances be reversed, and the copper end be similarly 
connected, the jar is charged negatively.* The shocks do 
not differ from those of a jar or battery, charged to the same 
intensity by a common electrical machine. 

5. Galvanism, even when excited by a single galvanic circle 
only (such as a piece of zinc, a similar one of copper, and a 
piece of cloth moistened with a solution of muriate of am- 
monia), distinctly affects the gold leaf of the condensing elec- 
trometer. If the zinc end be uppermost, and be connected 
directly with the instrument, the electricity indicated is posi- 
tive; if-the pin of the electrometer touch the copper, the 
electricity is negative. A pile consisting of sixty combina- 
tions produces the effect still more remarkably.t 

6. The chemical changes produced by galvanic and com- 
mon electricity, so far as they have hitherto been examined, 
are precisely similar. These will form the subject of the fol- 
lowing section. 

—a—— 


SECTION III. 


On the Chemical Agencies of Electricity and Galvanism. 


Tue effects of the electric or galvanic fluids, in producing 
chemical decomposition, cannot be described, without intro- 


* Cuthbertson’s Practical Electricity and Galvanism, p. 261 ; Volta, in 
Nicholson’s Journal, 8vo. i. 140; Van Marum, in Philosophical Magazine, 
xii. 162; Singer, p. 126. 
~ + Nicholson, 8vo. i. 139, and ii. 281 ; Cuthbertson, p. 264; and Singer 
p- 317; where the cautions necessary to the success of this delicate experi- 
ment are particularly described, 
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ducing to the reader the names of several substances, with 
which, in the present state of his knowledge, he may be sup- 
posed to be unacquainted. This difficulty is unavoidable; for 
it is impossible to explain the general laws of electro-chemical 
action, without a variety of particular instances. In general, 
however, it will be found that a. minute acquaintance with the 
bodies, which are brought in illustration, is by no means 
essential ; and that it is sufficient to consider them abstractedly 
as composed of two ingredients, which are in opposite elec- 
trical states, and are subject to the laws of Some tay attractiort 
and repulsion. 

The most simple chemical effect, produced alike by dhe 
agency of electricity and galvanism, is the zgzition and fusion 
of metals. When a piece of watch-pendulum wire is placed 
in the circuit of a common electrical battery, containing not 
less than three or four square feet of coating, at the moment 
of the discharge the wire becomes red-hot; but continues so 
only for a few seconds ; no longer, indeed, than if it had been 
ignited in any other way.* The same effect may be produced 
by making a piece of wire the medium of communication be- 
tween the opposite extremities of a galvanic trough; but, im 
this case, the heat continues sensibly longer, than when it 
is excited by an electrical explosion. Indeed a platina wire 
may be kept ignited iz vacuo, for an unlimited time, by Vol- 
taic electricity. Water, surrounding a wire so placed, may 
be made to boil briskly. 

By means of his large battery y, Mr. Children not only 
ignited wire of cosiderable thickness ; but a bar of platina, 
4th of an inch square and 2+ inches long, was ignited, and 
even fused at one end. The facility of being ignited in the 
different metals appeared to be inversely proportional to their 
power of conducting heat. Thus platina, which has the lowest 
conducting power, was most easily ignited; and silver, which 
conducts Bek better than any other metal, was ignited with 
greater difficulty than any of the rest. 

It does not appear, however, that a very powerful combi- 
nation is required to spohaee ignition, if the wire be made of 


* On the quantity of coated surface ited for igniting different lengths 
f wire, the reader may consult \ir. “uthbertsoa’s book, p. 161, &e. 
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proportionately small diameter. Dr. Wollaston has ascer- 
tained that a wire 5,'55 of an inch in diameter may be ignited 
by a single zinc plate only one inch square, provided each of 
its surfaces be opposed to a surface of copper or some other 
metal. The liquor which he employed was a mixture of one 
measure of sulphuric acid with 50 measures of water. Any 
farther diminution in the diameter of the wire he found to be 
unfavourable to the effect, in consequence of the increase of 
the cooling power of the atmosphere.* 

When the power of an electrical battery is increased, me- 
tallic wires, by transmitting the discharge through them, may 
be melted and dispersed in the form of smoke, or of an im- 
palpable powder lighter than air. The galvanic discharge, 
also, is capable of fusing metallic wires; but being less violent, 
it does not scatter their particles to a distance. Even wire 
formed of the most infusible of the metals, platina, acquires 
a white heat, and melts into globules. 

With a still more powerful electrical battery (one for ex- 
ample containing about 18 square feet) metallic wires are not 
only melted, but undergo absolute combustion. Lead and tin 
wire emit a yellow light, and copper and silver a green one. 
If the experiment be made on wire confined in a glass receiver, 
which contains a measured quantity of air, the bulk of the air, 
and its proportion of oxygen, are both found to be dimi- 
nished.+ ‘The metals are converted into oxides of different 
colours; lead, tin, and zinc, into white oxides; platina, gold, 
silver, and copper, into oxides of a dark colour. The experi- 
ment may be pleasingly varied by passing the discharge 
through wires, stretched over panes of glass or sheets of paper, 
at a small distance from their surface. ‘The metallic oxide 
which is produced is forcibly driven into the glass or paper ; 
and produces beautiful figures, varying in colour with the 
metal employed.{ It appears, also, from Mr. Singer’s ex- 
periments, that the oxides of some of the compound metals, 
of Rpg Ri See 8 BPRS WET Big LE Pine ond Pa ee ae 
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when thus treated, (brass wire for instance) are exhibited in a 
completely separate state. 

The combustion of metals may be effected, also, by galvanic 
electricity; but for this purpose the form of very thin leaves 
is preferable to that of wire. The plates, composing the gal- 
vanic trough, should, for this purpose, be not less than four 
inches square, the larger, indeed, the better; and several 
troughs should be joined together, so as to form an aggregate 
of not less than 100 or 150 pairs of plates. ‘The galvanic in- 
fluence is to be conveyed by wires brought from each extremity 
of the arrangement, and placed in contact with the opposite 
surfaces of the leaf. Tor the protection of the fingers, the 
wires should be inclosed in glass tubes. "When thus exposed, 
the metals burn, or rather deflagrate, with great brilliancy. 

Gold emits a very vivid white light, inclining a little to blue, 
and leaves an oxide, whose colour verges towards that of ma- 
hogany. Copper presents similar phenomena. 

The flame of silver is a vivid green, somewhat like that of 
a pale emerald, and the light is more intense than that of | 
gold. Lead gives a vivid light of a dilute bluish purple. 
Tin a light similar to that of gold; and zinc a bluish white 
flame fringed with red.* In all these cases, provided the 
power be sufficiently strong, the deflagration is kept up, for 
some time, without intermission. 


But amuch more remarkable action is exerted by the elec 
tric and galvanic fluids, in disuniting the elements of several 
combinations. One of the first discoveries of the chemical 
agency of the pile was its power of decomposing water. ‘Two 
pieces of any metallic wire are thrust through separate corks, 
which are fitted into the open ends of a glass tube in such a 
way, that the extremities of the wires, when the corks arein 
their places, may not be in contact, but may be at the distance 
from each other of about a quarter of an inch (see fig. 77, a). 
If the parts of the wire, which project from. without the tube, 
be made to communicate, the one with the zinc or positive 


* Philosophical Magazine; xi. 284, and xv. 96. 
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end, and the other with the copper or negative end, of a gal- 

vanic battery, a remarkable appearance takes place. The wire, 
connected with the zinc or positive end of the pile or trough, 
where it is in contact with the water, if of an oxidable biti! 
is rapidly oxidized ; while from the negative wire a stream of 
small bubbles of gas arises. But if the wires employed be of 
a metal which is not susceptible of oxidation, such as gold 
or platina, gas is then extricated from both wires, and, by a 
simple contrivance, may be separately collected. ‘The appa- 
ratus for this purpose is shown by fig. 76, where the wires p 
and 7, instead of being introduced into a straight tube, are 
inclosed in a syphon, and terminate before they reach the end, 
in which a small hole is to be ground. When a stream of 
galvanic electricity is made to act upon water thus confined, 
oxygen gas is found, at the close of the experiment, in the leg 
connected with the positive end of the battery, and hydrogen 
gas in that connected with the negative end; and in the pro- 
portions which, by their union, compose water. At an early 
period of the inquiry, it was found, however, by Mr. Cruick- 
shank, that the water surrounding the positive wire became 
impregnated with a little acid; and that around the negative 
wire with a little alkali. If instead of water we employ a 
metallic solution, the metal is revived round the negative 
wire 7, and no hydrogen gas is liberated. 

The gases constituting water, it was afterwards discovered 
by Sir H. Davy, may be separately produced from two quan- 
tities of water, not immediately in contact with each other. 
The fact is of peculiar importance, fromm its resemblance to 
other more recent ones, which have led that distinguished 
philosopher to the discovery of the general laws of electro- 
chemical action. ‘Two glass tubes (p and 7, pl. ix. fig. 79), 
about one third of an inch diameter and four inches long, 
having each a piece of gold wire sealed hermetically into one 
end aa the other end open, were filled with distilled water, . 
and placed inverted in separate glasses filled, also, with that 
fluid. The two glasses, a and l, were made to communicate, 
either by dipping the fingers of the right hand into one glass, 
and those of the left into the other, or by interposing fresh 
animal muscle, or a living vegetable, or even moistened thread, 
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as shown atc. The gold wires, projecting from the sealed 
ends of these tubes, were then connected, the one with the 
positive, the other with the negative end of the trough. Gas 
was immediately evolved from both wires. At the close of the 
experiment, in the tube p oxygen gas was found; in the nega- 
tive tube 2 hydrogen. ‘The proportions by measure were, as 
nearly as possible, those which result from the decomposition 
of water, viz. two of hydrogen to one of oxygen gas.* Now 
if these gases arose, as they necessarily must, from the decom- 
position of the same portion of water, that portion of water 
must have been contained either in the tube 7 or in the tube 7. 
In the former case, the hydrogen gas, found after the process 
in 7, must have passed invisibly from p to 7, through the in- 
termediate substance c. Or, if the water was decomposed in 
n, then the reverse process must have happened with respect 
to the oxygen; and it must have been transmitted, in a like 
imperceptible manner, from 2 to p. Facts of this kind, evinc- 
ing the transference of the elements of a combination, to a 
considerable distance, through intervening substances, and in 
a form that escapes the cognizance of our senses, however 
astonishing, it will appear from the sequel, are sufficiently nu- 
merous and well established. It appears, also, from the ex- 
periments of Mr. Porrett, that water may be forced, contrary 
to its gravity, through the compact substance of a bladder, 
from the positive to the negative wire of a galvanic battery, 
composed of plates only 1+ inch square.t | 

Different chemical compounds require, for the disunion of 
their elements, galvanic arrangements of various powers and 
intensities. The decomposition of water is easily effected by 

a series of fifty pairs of plates, each one or two inches square. 
But for those which remain to be described, instruments of 
much greater power are necessary. 

The apparatus, employed in the masterly experiments of 
Sir H. Davy, which have laid the groundwork of this new 
science, was extremely simple. In cases, where liquid sub- 
stances were seperated upon, he employed occasionally the 
agate cups pand 7, fig. 80, each of which was capable of 

i | 
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holding’ about. sixty grains of water. They were connected 
together, as shown in the figure at a, by the fibres of a pecu- 
liar flexible mineral called amianthus; and into each was in- 
serted a platina wire, the bent extremity of which is seen, in 
each fivure, projecting above the cup. When the vessels 
_were in actual use, the wire of p was connected with the zinc 
or positive end of a powerful galvanic series; and that of 7, 
with the copper or negative extremity. Tor the agate cups 
two hollow gold cones were occasionally substituted (p and 7, 
fig. 81,) the wire projecting from p being connected with the 
positive, and that from z with the negative end of a trough 
or series of troughs. Solid bodies were submitted to the 
galvanic influence, either by immersing smail pieces of them 
in the gold cones; or, at other times, by making the cups 
themselves of the substance intended to be decomposed. Or 
if it was desirable to preserve them from contact with water, 
| they were laid on a small insulated dish of platina, with the 
inferior surface of which, immediately under the substance 
used, a wire from one end of the battery was connected, while 
the substance itself was made to communicate by another wire, 
with the opposite extremity of the apparatus. 

When the gold cones were both filled with a solution of 
sulphate of potash-(a salt composed of potash and sulphuric 
acid,) after exposure, during a sufficient time, to a powerful 
galvanic arrangement, pure potash was found in the negative 
cone 7, and sulphuric acid in the positive cone p. The de- 
composition was quite complete; for the liquid in 2 contained 
no acid, and that in f no alkali. 

The experiment was repeated with several other neutral 
salts ;* and with the invariable result, that the acid collected 
in the positive cone, and the alkali in the. negative one. 
Strong solutions, or those in which the salt bore a considerable 
proportion to the water, were more rapidly acted upon than 
weak ones. Metallic salts were, also, decomposed. The 
acid appeared, as before, in the positive cone, and the metal 


* Minute directions for exhibiting the transfer of acid and alkali, by 
means of a power not exceeding thirty pairs of two inch plates, are given 
by Mr. Singer. (Nicholson’s Journal, xxiv. 178.) 
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was deposited, sometimes with a little oxide, in the negative 
one. : 

Salts, which are either insoluble, or very sparingly soluble, 
in water, had their elements disunited in the following man- 
her. Cups were constructed of them, precisely resembling the 
vold cones, which, as the salts were hard and compact in their . 
texture, was easily effected. ‘These, after being filled with 
water, were connected, by platina wires, with the opposite 
ends of a galvanic battery, the vessels themselves communi- 
cating, as before, by means of moistened amianthus. At the 
conclusion of the experiment, sulphuric acid (when the cups 
were made of sulphate of lime) was found in the positive cup, 
and lime water in the negative one. Sulphate of strontites, 
fluate of lime, and sulphate of barytes, were decomposed, 
though less easily, by the same expedient. In all these cases 
the acid element was found at the positive side, and the earthy 
one at the negative side, of the arrangement. 

These facts evidently point out a transference of the ele- 
‘ments of combinations from one electrified vessel or surface 
to another differently electrified. But the principle is made 
much more apparent-by a little variation of the experiment. 
Thus, if solution of sulphate of potash be electrified in the 
positive cone p, water alone being contained in 7, after a suffi- 
cient continuance of the electrical action p will be found to 
contain diluted sulphuric acid; and the potash -will be dis- 
covered in the water of nm. ‘The alkali must necessarily, there- 
fore, have passed, in an imperceptible form, along the con- 
necting amianthus from the vessel p to the vessel. Reversing 
the experiment, and filling with solution of sulphate of pot- 
ash, the alkali remains in this cone, and the acid is transferred 
to the opposite side p. In one experiment, in which nitrate 
of silver was placed in the positive cup, and pure water in the 
negative one, the whole of the connecting amianthus was co- 
vered with revived silver. 

In the farther prosecution of the inquiry, Sir H. Davy 
succeeded in discovering a still more extraordinary series of 
facts. When an intermediate vessel (2, fig. 82) was placed 
between the positive and negative cups p and 7, and was con- 
nected with both of them by moistened amianthus, it was 
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found that acids may actually be made to pass from 7 to p, 
through the intermediate solution in 7, without combining 
with it. Thus, solution of sulphate of potash being put into 
the negative cup 7, solution of pure ammonia into i, and pure 
water into ~, in half an hour sulphuric acid was found in the 
water of the positive cup, though to have reached this it must 
have been transferred from 7 through the intermediate solution 
ofammonia. Muriatic acid, also, from muriate of soda, and 
nitric acid from nitrate of potash, were transferred from the 
negative to the positive side through an interposed solution of 
alkali. And contrariwise, alkalies and metallic oxides were 
transmitted from the positive to the negative side, through 
intervening solutions of acids. 

It is necessary, however, that the solution, contained in 
the intermediate vessel 7, should not be capable of forming an 
insoluble compound with the substance intended to be trans- 
mitted through it. Thus sulphuric acid, in its passage from 
sulphate of potash in the negative cup through the vessel z 
containing a solution of pure barytes, is detained by the 
barytes, and falls down in the state of an insoluble compound 
with that earth. 

Bodies, the composition of bie is considerably more 
complicated, are, also, decomposed by galvanic electricity. 
Thus from certain minerals, containing acid and alkaline 
matter in only very minute proportion, these ingredients are 
separately developed. Basalt, for example (a kind of stone 
which, in 100 grains, contains only 34 grains of soda and 
half a grain of muriatic acid), gave, at the end of ten hours, 
evident traces of alkali round the negative, and of acid round 
the positive wire. A slip of glass, also, negatively electrified 
in one of the gold cones, had soda detached from it, and sus- 
tained a loss of weight. 

It may now be understood, why, by the agency of gal- 
vanism on water, alkali appears at the negative and acid at the 
positive wire. The fact was, for some time, not a little per- 
plexing to Sir H. Davy; till, at length, he ascertained that 
all water, however carefully distilled, contains neutral salts in 
a state of solution. From these impurities, the alkaiine and 
acid elements are separated, agreeably to a iaw, which has 
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already been explained. In the same way, also, the muriatic 
acid and alkali are accounted for, which some chemists have 
obtained by galvanizing what was before considered as pure 
water; a fact which has been urged in proof of the synthe- 
tical production of both those bodies. Absolutely pure wa- 
ter, it has been demonstrated by Sir H. Davy, yields nothing 
but hydrogen and oxygen gases. 


All the effects of galvanic arrangements, in producing 
chemical decompositions, it has been found, may be obtained 
by ordinary electricity. Its adaptation to this purpose was 
first successfully attempted by Dr. Wollaston.* The appa- 
ratus, which he employed, was similar to that already repre- 
sented (fig. 77, a), excepting that- the wires, instead of being 
exposed to the fluid contained in the tube, throughout their 
whole length, were covered with, wax, and the points only 
were laid bare. Or (which was found to answer still better) 
the wires were inclosed in capillary glass tubes, which were 
sealed attheir extremities, and then ground away, till the 
points alone were exposed. ‘The conducting wires, thus ar- 
ranged, were then introduced into a tube, or other vessel con- 
taining the liquid to be operated on, and were connected, 
the one with the positive, the other with the negative, con- 
ductor of an electrical machine, disposed for positive and ne- 
gative electricity. When solution of sulphate of copper was 
thus electrized, the metal was revived round the negative pole. 
On reversing the apparatus, the copper was re-dissolved, and. 
appeared again at the other wire, now rendered negative. 

‘When gold wires, from =, to +,),5 of an inch in dia- 
meter, thus inclosed, were made to transmit electricity, a 
succession of sparks afforded a current of gas from water. 
When a solution of gold in nitro-muriatic acid was passed 
through a capillary tube; the tube then heated to drive off 
the acid; and afterwards melted and drawn out, it was found 
that the mere current of electricity, without sparks, evolved 


gas from water. 
oS 


* Philosophical Transactions, 1801. 
+ See Cuthbertson’s Practical Electricity. 
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Sir H. Davy has since proved that by a similar apparatus, 
solution of sulphate of potash is decomposed, potash appear- 
ing at the negative, and sulphuric acid at the positive pole.* 


poems 
SECTION IV. 


Theory of the Changes produced by Galvanic Electricity. 


A ract of considerable importance, in explaining the phe- 
nomena that form the subject of the last section, was discovered 
several years ago by Mr. Bennett, and has since been con- 
firmed by the experiments of Volta and Davy. Different 
bodies, it is found, acquire, when brought into contact either 
by their whole surfaces or by a single point, different states 
with respect to their quantities of electricity. ‘The best me- 
thod of performing the experiment is to take two discs or 
plates, the one of copper, the other of zinc, each” about four 
inches diameter, and furnished with an insulating glass han- 
dle; to apply them for an instant to each other by their flat 
faces; and afterwards, to bring them separately into contact 
with the insulated plate of the condensing electrometer. ‘The 
instrument indicates, by the divergence of its gold leaves, the 
kind of electricity acquired by each ef the plates, which in the 
zinc plate is shown to be positive, and in. the copper plate 
negative. 

It had been established, also, by Sir H. Davy, in 1801, 
that when a galvanic arrangement of the second kind is.con- 
structed, by alternating metallic plates with strata of different 
fluids, alkaline solutions always receive electricity from the 
the metal, and acids on the contrary transmit it /o the metal. 
When an arrangement, for example, is made of water, tin, 
and solution of potash, the current of electricity is from the 
tin to the alkali. But, in an arrangement of nitric acid, tin, 
and water, the circulation of electricity is from the acid to 


- Philosophical Transactions, 1806. 
+ Volta, in Nicholson’s Journal, 8vo.i. 136. Wilkinson, ii. 40, 50, 
131. Cuthbertson, 267. 
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the tin, If then the alkali, after having acquired electricity 
from the metal, could be suddenly separated from the combi- 
nation, there can be no doubt that it would be found in a 
positive state. For the contrary reason, the acid, having 
given electricity to the meta], must, if it could be detached, 
be found negative. 

Still more satisfactory evidence has been since obtained of 
the electrical state of the acids and alkalies, by examining 
what kind of electricity they impart to an insulated metallic 
plate. Various dry acids, being touched on an extensive 
surface by a plate of copper insulated by a glass handle, the 
copper was found after contact to have become positively elec- 
trified, and the acid negatively. On the contrary, making the 
experiments with dry earths in a similar manner, the NS 
became negative. The alkalies gave less distinct results, owing 
to their attraction for moisture. Bodies, moreover, seh he 
opposite electrical energies towards one and the same body, 
are found to possess them with regard to each other. Thus 
when lime and oxalic acid were brought into contact, the 
earth was found to be positive, and the acid negative. Sulphur 
appears to be in the positive state. Oxygen, judging from 
those compounds in which it is loosely combined, is negative; 
and hydrogen, by the same test, positive. 

Now, if the common laws of electrical attraction and re- 
pulsion operate, as there is every reason to believe they must, 
among bodies so constituted, it will follow that hydrogen, the 
alkalies, metals, and oxides, being positively electrified, will 
be repelled by surfaces which are in the same state of electri- 
city as themselves, and will be attracted by surfaces that are 
negatively electrified. And, contrariwise, oxygen, and the 
acids (in consequence of the oxygen they contain), being in a 
negative state, will be attracted by positive surfaces and re- 
pelled by negative ones. 

To apply this theory to the simplest possible case, the de- 
composition of water, the hydrogen of this compound, being 
itself positively electrified, is repelled by the positive wire 
and attracted by the negative one; while, on the contrary, 
oxygen, being negative, is repelled by the negative wire, and 
attracted by the positive one. The flame of a candle, which 
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consists chiefly of ignited charcoal, when placed between a 
positive and negative surface, bends towards the latter; but 
the flame of phosphorus, consisting chiefly of acid matter, 
when similarly placed, takes a direction towards the positive 
surface. In the case of neutral salts, the negative acid is 
attracted by the positive wire; and the positively electrified 
alkali by the negative wire. 

Thus then a power has been discovered, superior in its 
energy to chemical] affinity, and capable either of counteract- 
ing it, or of modifying it according to circumstances. The 
chemical attraction between two bodies may be destroyed, by 
giving one of them an electrical state opposite to its natural 
one; or the tendency to union may be increased, by exalting 
the natural electrical energies. 

All bodies, indeed, that combine chemically, so far as they 
have hitherto been examined, have been found to possess 
opposite states of electricity. Thus copper and zinc are in 
opposite states to each other; so are gold and mercury; sul- 
phur and metals, acids and alkalies. By bringing two bodies 
into the same electrical state, which were before capable of 
union, we destroy their tendency to combination. Thus 
zine or iron, when negatively electrified, will not unite with 
oxygen. Even after combination, it is thought by Sir H. 
Davy not improbable, that bodies may still retain their pecu- 
liar states of electricity. If oxygen prevail, in any com- 
pound, over the combustible or positive base, the compound 
is negative, as in certain metallic oxides. But the combustible 
ingredient may be in such proportion, as to predominate, 
and to give to the compound a positive energy. When pre- 
cise neutralization is attained, bodies that had before exhibited 
electrical effects are deprived of this property. 

It is an interesting question, but one which can scarcely be 
determined in the present state of the science, whether the power 
of electrical attraction and repulsion be identical, as Sir H. 
Davy has suggested, with chemical affinity; or whether it 
‘may not rather be considered, like caloric, as a distinct force, 
which only modifies that of chemical attraction. On the for- 
mer hypothesis, two bodies, which are naturally in opposite 
electrical states, may have these states sufficiently exalted, to 
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give them an attractive force superior to the cohesive affinity 
opposed to their union; and a combination will take place, 
which will be more or less energetic, as the opposed forces are 
more or less equally balanced. Again, when two bodies, re- 
pellent of each other, act upon a third with different degrees 
of the same electrical energy, the combination will be decors 
mined by the degree. Or, if bodies, having different degrees 
of the same electrical energy with respect to a third, have like- 
wise different energies with respect to each other, there may 
be such a balance of attracting and repelling forces as to pro- 
duce a triple compound. 

This hypothesis, it is remarked by Sir H. Davy, agrees ex- 
tremely well with the ‘influence of mass, which has been so 
well illustrated by Berthollet; for many particles, acting 
feebly, may be equal in effect to fewer acting more powerfully. 
Nor is it at all contradictory to the observed influence of caloric 
over chemical union; for an increase of temperature, while it 
gives greater freedom of motion to the particles of bodies, 
exalts all their electrical energies. ‘This Sir H. Davy ascer- 
tained with respect to an insulated plate of copper and another 
of sulphur, when heated below 212° Fahr.; and at a still 
higher temperature these bodies, as is well known, combine 
with the extrication of heat and light, the usual accompani- 
ments of intense chemical action. 

On the supposition that electricity is a force, which only 
modifies the action of chemical affinity, we may regard it, when 
it promotes combination, as producing this effect by counter- 
acting cohesive attraction. When it impedes combinations, 
or destroys those which are already formed, it probably acts 
as a force co-operating with elasticity. 


—a 
SECTION V. 
Theory of the Action of the Galvanic Pile. 


Two theories have been framed to account for the pheno- 
mena of the Galvanic Pile, and of all similar arrangements. 
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The first, originating with Volta, was suggested by the fact 
which may be considered, indeed, as fundamental to it—that 
electricity is excited by the mere contact of different metals. 
When a plate of copper and another of zinc are made to 
touch by their flat surfaces, as was stated in the last section, 
the zinc, after separation, exhibits positive electricity, and the 
copper negative. It is natural, therefore, to conclude that a 
certain quantity of electricity has moved from the copper to 
the zinc. On trying other metals, Volta found that similar 
phenomena take place; and by a series of experiments he 
was led to arrange their powers in the following order, it 
being understood that the first gives up its iclectdeity to the 
cadence the second to the third; th erie rd to the fourth, and 
so on. 


Silver. 
Copper. 
Tron. 
Tin. 
Lead. 


Zinc. 


The metals, then, have been denominated by Volta, from 
this property, motors of electricity; and the process, which 
takes place, electro-molion, a term since sanctioned by. the 
adoption of it by Sir H. Davy. : 

It is on this transference of electricity from one body to an- 
other by simple contact, that Volta explains the action of the 
instrument discovered by himself, and of all similar arrange- 
ments. The interposed fluids, on his hypothesis, have no 
effect as chemical agents in producing the phenomena, and 
act entirely as conductors of electricity. Without disputing, 
however, the accuracy or value of the facts which suggested 
his theory, it is sufficient for its refutation that it is irrecon- 
cileable with other phenomena; and especially with the obser- 
vation, that the chemical agency of the liquids, on the more 
oxidizable metal of galvanic arrangements, is essential to their 
sustained activity. It has been proved, indeed, that the phe- 
nomena begin and terminate with the oxidation ; and that the 
energy of the pile bears a pretty accurate proportion to the 


188 ELECTRO-CHEMISTRY. CHAP. V, 


rapidity of the process. Hence it seems, on first view, an 
obvious inference, that the oxidation of the metal is the pri- 
mary cause of the evolution of electricity in galvanic arrange- 
ments, It has been proved, however, that it is not ne- 
cessary to the excitement of electricity, that the amalgam 
should be oxidated; for the machine continues to act, when 
inclosed in hydrogen gas or carbonic acid; and the electric 
column of M. de Luc is composed of dry substances. Even 
in this instrament, the oxidation of the metals appears to be 

essential to its activity, for when the column is hermetically 
confined in a given portion of air, the phenomena cease in 
time, in consequence of the loss of its oxygen. 

But though the chemical agency of the fluids which are 
employed is now admitted, on all hands, to be essential to the 
excitement of this kind of electricity, yet it is by no means uni- 
versally agreed that we are to consider it as~the first in the 
order of phenomena. It has been suggested by Sir H. Davy, 
as a correction of the theory of Volta, that the electro-motion, 
occasioned by the contact of metals, is the primary cause of 
the chemical changes; and that these changes are in no other 
way efficient, than as they restore the electric equilibrium. 
To explain this, let us suppose that in any three pairs of plates 
of a galvanic trough the zinc plates z 1, x 2, x 3 (fig. 78), are 
in the state of positive, and the copper plates ¢ 1, ¢ 2, c 3, in 
that of negative electricity. ‘The liquid, in any cell after the 
first, will be in contact, on the one side, with positively elec- 
trified zinc, and on the other with negatively electrified cop- 
per. And if the elements composing the fluid be themselves 
in different states of electricity, the negatively electrified ele- 
ment will be attracted by the zinc, and the positively electrified 
element by the copper. Thus when solution of muriate of 
soda in water is the fluid, the oxygen and the acid will pass 
to the zinc or positive plate, and the alkali to the copper 
one; while the hydrogen, having no affinity for copper, 
escapes. ‘The electric equilibrium will be restored, but only 
for a moment; for, as the interposed fluid is but a very imper- 
fect conductor of electricity, the zinc and copper plates will, 
by their electromotive power, again assume their states of op- 
posite electricity; and these changes will go on, as long as 
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any muriate of soda remains undecomposed. Ina Voltaic ar- 
rangement, therefore, the electrical energies of the metals with 
respect to each other, or to the substances dissolved.in water, 
are the causes disturbing the equilibrium; and the chemical 
changes are the causes that restore it. 

No theory of the galvanic pile, however, can be considered 
as complete, that does not account for the accumulation of 
electricity at the zinc end of the apparatus. On the theory 
that the oxidation of the zinc is the source of the evolved elec- 
tricity, the fact has been ingeniously explained by Dr. Bos- 
tock. He takes it for granted that the electric fluid has an 
affinity for hydrogen ; and supposes that the electricity, evolved 
at the surface of the first zinc plate, is carried, united to 
hydrogen, through the fluid of the cell to the opposite copper 
plate. Here the hydrogen and electricity separate; the 
former flies off in the state of gas, and the latter passes 
onwards to the next zinc plate. Being in some degree accu- 
mulated in this plate, it is disengaged by the action of the 
fluid in a more concentrated state than before. And in the 
same manner, by multiplying the number of pairs, it may be 
made to exist, in the zinc end of the pile, in any assignable 
decree of intensity. 

On this theory, the electricity evolved is actually generated 
by the chemical action of the interposed fluids on every zinc 
plate of the series; and its accumulation is the aggregate of 
what is thus-evolved. The concentration, which takes place 
at the zinc end of the arrangement, admits, however, of being 
explained by the hypothesis of Volta, especially as modified 
by Sir H. Davy. ‘Taking the first cell as an example, the 
fluid interposed between the positive zinc plate x 1, fig. 78, 
and negative copper place c 2, being itself a conductor of 
electricity, must in time produce an equilibrium between these 
two plates; but this can only be done by the passage of a cer- 
tain quantity of electricity ‘across the fluid. The absolute 
quantity of electricity will, therefore, be diminished in the 
first pair, and increased in the second. In like manner, the 
second zinc plate will give up part of its electricity to the 
third copper plate, and the second pair of plates will be de- 
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prived of part of its electricity. The electricity, thus lost by 
the second pair, it will regain from the first pair of plates. 
By. multiplying, in this way, the number of plates, every suc- 
cessive pair, as we advance in the series, has a tendency to 
diminish the quantity of electricity in the first, and to have 
its own state of electricity pr oportionally exalted. 

When a communication is made between two extremities of 
a series, for example between z° or its contiguous cell, and 
c', the opposite electricities tend to an equilibrium. The 
third pair gives up a share of its electricity to the first; and 
the intermediate pair, being placed between equal forces, re- 
mains in equilibrio. gence, in every galvanic arrangement, 
there is a pair of plates at the centre, which is in its natu- 

ral state of electricity. - The effect of such a communica- 
tion must necessarily be to reduce the pile to a state of inac- 
tivity, if there did not still exist some cause-sufficient to de- 
stroy the equilibrium. On the hypothesis of Volta, this can 
be nothing else than the property of electro-motion in the 
metals, which originally produced its disturbance. 

Such are the hypotheses that have been framed to explain 
the phenomena of the Voltaic pile. In. the present state of 
the science, neither of them is entitled to be received as alto- 
gether satisfactory; and I have stated them rather with the 
view of exciting them of satisfying inquiry.* On the theory 
of galvanic electricity, it only remains to point out its differ- 
ence from the electricity developed by ordinary processes ; and 
to explain the different effects, which are produced by varying 
the size of the plates in galvanic arrangements. 

Though the. identity of common and galvanic electricity 
appears to be sufficiently established, yet in some of their phe- 
nomena, which have already been described, there is a con- 


* The reader, who wishes to pursue the subject, may consult an essay 
by the author, in Nicholson’s Journal, xxxv. 259 ; M. De Luc’s papers, 
Xxxil. 271, and xxxvi. 97; Mr. Singer on the Electrical Column, xxxvi. 
373, and his work on Galvanic Electricity ; Dr. Bostock’s Essay in Thom- 
son’s Annals, ii. 32; Sir H. Davy’s chapter on Electrical Attraction and 
Repulsion, in his Elements of Chem. Philos. p. 125; and the Ist. vol. of 
Gay Lussac and Thenard’s Recherches. 
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siderable difference. ‘To explain these, it was long ago sug- 
gested by Mr. Nicholson,* that the electricity, excited by the 
common machine, is developed in much smaller quantity, ‘but 
in a higher state of concentration or intensity than the elec- 
tricity of galvanism. Hence, its velocity is much more rapid ; 
and hence it readily passes through plates of air and other 
non-conductors, that are scarcely permeable by galvanic elec- 
tricity. By virtue of the same property it disperses the metals 
in the form of smoke; while the utmost effect of a Voltaic 
arrangement is to melt them into globules. By doubling the 
quantity of galvanic electricity, also, we ignite only a double 
length of metallic wire, and the ignition is more permanent ; 
but the intensity of common electricity is such, that by 
doubling its quantity we ignite four times the length of wire,. 
and thas effect is little more than momentary.+ 

The comparative quantities of electricity evolved by the 
common machine and by a Voltaic apparatus, have been made 
a subject of calculation by Mr. Nicholson. A pile consisting 
of 100 half crowns, with the same number of pieces of zinc, 
produced, he found, 200 times more electricity than could be 
obtained, in an equal time, from a 24 inch plate machine in | 
constant action. Van Marum has, also, observed that a single 
contact of a Leyden jar or battery with a Voltaic pile charges 
it to the same degree, as six contacts with the prime conductor 
of a powerful machine. | 

It might naturally be expected that a proportion would be 
observed between the quantity of surface composing galvanic 
arrangements, and their power of action; and such, with 
some limitation, is the fact. With plates of the same size, 
the effect, generally speaking, is proportional to the number. 
But by enlarging the size, without increasing the number, 
neither the shock nor the power of decomposing water and 
other imperfect conductors, is proportionally increased. A 
remarkable proof of this is, that Mr. Children’s great battery 
of 20 double plates, 4 feet by 2, had no more effect on the 
human body, or in decomposing water, than a battery con- 


* See his Journal, 4to. iv. 244, + Cuthbertson, p. 278. 
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taining the same number of small plates. On the contrary, 
to obtain a great increase of effect in the combustion of metals, 
it is necessary to enlarge considerably the size of the plates. 
Thus 100 plates of four inches square produce, in this way, 
an incomparably greater effect, than the same surface divided 
into four times the number. 

The effect of multiplying the number of plates, it has. 
already been observed, is, that we obtain electricity of a higher 
intensity, and it-was supposed by Volta* that the proportion 
is, as nearly as can be judged, an arithmetical one. If, for 
example, we have a certain intensity with 20 pairs, it should 
be doubled by 40, trebled by 60, and so on. It has been 
shown, however, by Sir H. Davy,+ that by increasing the 
number of plates, the quantities of gas, evolved from water, 
were nearly as the squares of the numbers. By a sufficient 
increase, the most astonishing effects may be produced. Thus 
the combination belonging to the Royal Institution, which 
contains 2000 double plates, each having a surface of 32 square 
inches, when in action, melts platinum, as easily as wax is — 
melted by a candle, and fuses quartz, the sapphire, lime, and 
magnesia. By enlarging the size, without increasing the num- 
ber, it has also been shown that we gain, not in intensity, 
which remains exactly the same, but in quantity. Now, for 
the combustion of metals, what we principally want is a large 
quantity of electricity; for as they are perfect conductors, it 
finds a ready passage through them even when of low inten- 
sity. On the contrary, to find its way through fluids and other 
imperfect conductors, it must be evolved in a high state of. 
concentration. ‘The facts, therefore, accord sufficiently well 
with the explanation, to entitle it to be received as a probable 
hypothesis. 


* Nicholson’s Journal, 8vo. i. 139. 
+ Elements of Chem. Philos. p. i155. 
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SECTION VI. 
Of Electro-Magnetic Phenomena. 


Au the effects of galvanic arrangements, that have hitherto 
been described, are produced in bodies when interposed be- 
4ween the extremities of conductors proceeding from the po- 
sitive and negative poles; in other words, so placed that the 
galvanic current is imperfectly continued through the body 
intended to be acted upon. It was not known that the electric 
current, passing uninterruptedly through a wire connecting the 
two ends of a galvanic battery, is capable of being manifested 
by any effect, till Professor Oersted, of Copenhagen, in the 
winter of 1819, discovered an unequivocal test of its passage in 
its effect on the magnetic needle. ‘The opposite poles of a bat- 
tery of sufficient magnitude, in full action, were joined by a 
metallic wire, which, for shortness, he calls the uniting con- 
ductor, or uniting wire. ‘This wire was either placed hori- 
zontally, (see pl. iv. fig. 37.) or bent in any other direction 
required by the nature of the experiment. When the wire 
was placed horizontally over, and parallel to a magnetic 
needle properly suspended, and at a distance nof exceeding 
three quarters of an inch, the needle was moved, and the end 
of it next to the negative pole of the battery turned westwards. 
The circumstances of the experiment remaining in every res- 
pect the same, except that the uniting wire was placed under 
the needle instead of over it, the declination of the needle was 
in an opposite direction ; for the pole next the negative end 
of the battery now turned eastwards. Again, when the con- 
necting wire and meedle were situated in the same horizontal 
plane, no declination took place, either tothe east or west, 
but an inclination, or vertical dip of the needle was observed. 
“When the uniting wire was west of the needle, the pole next 
to the negative end of the battery was depressed; when the 
wire was to tie east, the same pole was elevated. 

When the uniting wire was situated perpendicularly to the 
plane of the magnetic meridian, the needle, whether above 
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or below the wire, remained at rest, unless the pole were very 
near the wire. In that case, the pole was elevated, if the ne- 
gative electricity entered from the west side; and depressed, if 
from the east. M. Von Buch has since, however, shown that 
this state of rest does not continue in two of the four positions 
of the wire, provided a sufficient galvanic power be employed 
in the experiment. (Ann. of Phil. N.S. ii. 285.) 

When the uniting wire was perpendicularly opposite to the 
north pole of the suspended needle, and the upper extremity 
of the wire connected with the negative end of the battery, the 
pole, when brought near the wire, moved towards the east. 
‘But when the wire was opposite to a point between the pole 
and the middle of the needle, the pole moved westwards. 
When the upper end of the wire was made to receive positive - 
electricity, the phenomena were reversed. | 

The amount of these effects diminished with the decreasing 
power of the battery, and with the distance of the needle from 
the uniting wire. This wire, it was found, may consist of 
almost any metal; nor does it lose its effect though interrupt- 
ed by a column of water, provided the column does not ex- 
tend to several inches in length. It is remarkable, also, con- 
trary to what is observed in any other effect of electricity or 
galvanism, that the influence of the uniting wire passes to the 
needle through plates of glass, metal, or wood, the disc of an | 
electrophorus, or a stone-ware vessel of water; nor does the 
sudden interposition of any of these bodies ree or sensibly 
“diminish the effect. On needles of brass, glass, or gum lac, 
no effect whatever is produced. 

The common electrometer indicates the tension or intensity 
of electricity; but, till the discovery of M. Oersted, we had 
no instrument to show the direction of its current. The 
effect on the needle depends, indeed, entirely on the current. 
So long as this current is interrupted, no effect is produced 
on the needle; but the moment it is restored, the north pole 
of the needle is turned to the left of the observer, supposing 
him to have his face directed towards that pole. ‘This may be 
more briefly expressed by saying, that the north pole is carried 
to the left of the current which acts upon the agit We 
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thus acquire a galvanometer, capable of pointing out the direc- 
tion of the electric current under all circumstances. | 
By an instrument nicely constructed on this principle, M. 
Ampere ascertained that the current in the voltaic battery it- 
self; from the negative to the positive extremity, has the same 
influence on the needle, as that current, which, in the uniting 
wire, goes on the contrary from the positive to the negative 
pole. ‘This is best shown by two needles, the one placed upon 
the pile, the other above or under the conductor. In each, 
the north pole of the needle will be seen turned to the left of 
the current near which it is placed: the two needles are both 
carried to the same side, and are nearly parallel, when one is 
above the pile, and the other beneath the conductor. 
When two rectilinear portions of two conducting wires, 
joining the extremities of two voltaic piles, are so disposed 
that the one is fixed and the other suspended so as to be 
moveable, the latter will approach the former if the currents 
be in the same sense, and will be repelled when the currents 
are in opposite directions. In common electrical attractions 
and repulsions, electricities of the same name are mutually 
repulsive, and opposite electricities attract each other. But 
in the attractions and repulsions of electric currents, it is pre- 
cisely the reverse, the repulsion taking place only when the 
wires are so situated that the currents are in opposite direc- 
tions. ‘The attractions and repulsions of these currents, un- 
like the mutual action of bodies electrized in the common ~ 
way, takes place equally 7m vacuo as in air. Pi "Gath 
The discovery of M. Oersted was limited to the action of 
the electric current on wiedies previously magnetized. But 
it was afterwards, and about the same time, ascertained both 
by Sir H. Davy and M. Arago, that magnetism may be de- 
* veloped, in steel not previously possessing it, by being placed 
in the electric current, and may even be excited in the unit- 
ing wire itself. Both philosophers ascertained, independently 
of each other, that the uniting wire, becoming a magnet, at- 
tracts iron filings, and collects sufficient to acquire the diame- 
ter of a common quill. The moment the connexion is broken, 
all the filings drop off;* and the attraction diminishes also 


¥ * . . ° 4 ° 
*M. Arago afterwards determined that the wire retains its magnetism 
for a few instants after the connexion is broken, but that it soon ceases, 
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with the decaying energy of the pile. Filings of brass or 
copper, or wood shavings, are not attracted at all. 

The communication of magnetic properties to a steel needle 
was effected, by Sir H. Davy and M. Arago, in different ways. 
The former observed that steel needles, placed upon the con- 
necting wire, became magnetic; those parallel to the wire 
acted like the wire itself; those placed across it each acquired 
two poles. Such as were placed under the wire, the positive 
end of the battery being east, had north poles on the south of 
the wire, and south poles to the north. ‘The needles above 
were in the opposite direction, and this was constantly the 
case, whatever might be the inclination of the needle to the 
wire. On breaking the connexion, the steel needles, placed 

-across the uniting wire, retained their magnetism, while those 
placed parallel to it lost it at the moment of disunion. Con- 
tact with the uniting wire was not found necessary, for the 
effect was produced though thick glass intervened. Increas- 
ing the size of the plates of the battery increased the magnetic 
effect of the connecting wires; thus the wire uniting the poles 
of a battery cf 60 pairs of plates did not take up half so much 
filings, as when the battery was arranged so as to form 3 
pairs of twice the size. 

Similar effects were produced in Sir H. Davy’s experi- 
ments by the electricity excited by a common machine. A 
battery of 17 square feet, discharged through a silver wire 
1-20th of an inch diameter, rendered bars of steel, two inches 
long and from 1-10th to 1-20th thick, so magnetic as to lift 
up pieces of steel wire and needles; and the effect was com- 
municated to needles at the distance of five inches from the 
wire, even with the intervention of water or of thick plates of 
glass or metal., Various other important facts respecting the 
communication of magnetism are described in the paper of» 
‘the same author, published in the Philosophical Transactions 
for 1821, all tending to establish the conclusion that magne- 
tism is produced whenever concentrated electricity is passed 
through space. 

On the suggestion of M. Ampere, M. Arago communicated 
magnetism to the needle in a different manner. A copper 
wire, by being rolled round a solid rod, was twisted into a 
spiral so as to form a helix. It was easy, by passing the wire 
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round the rod, in one direction or the other, to form a dex- 
trorsal helix, proceeding from the right hand towards the left, 
as in the tendrils of many plants; or a sinistrorsal, or left helix, 
proceeding downwards from the left hand to the right above 
the axis. Into the cavity of a spiral thus formed, connecting 
the'two poles of a battery, a steel needle wrapped in paper 
was introduced ; and in order to exclude all influence of the 
magnetism of the earth, the conchoidal part of the wire was 
kept constantly perpendicular to the magnetic meridian. In 
a few minutes the needle had acquired a sufficiently strong 
dose of magnetism; and the position of the north and south 
poles exactly agreed with Mr. Ampére’s notion, that the 
electric current traverses the connecting wire in a direc- 
tion from the zinc extremity of the ila to the copper ex- 
tremity. 

In another experiment, using one copper wire, two symme- 
trical spirals were formed, each nearly two inches long, and 
separated by a rectilinear piece of the same metal, the spirals 
of the two being turned in contrary senses. Within each of 
these spirals a needle, properly guarded, was included, and the 
connexion made between the two ends of a galvanic battery. 
The result was that both the needles were magnetized, but in 
exactly opposite senses. When a right helix bad been used, 
that end of the needle, which had been placed towards the 
negative pole of the battery, pointed to the north, and the other 
end to the south; but with a left helix, that end of the 
needle which had been nearest the positive pole of the battery 
pointed north,-and the other end south. In one case, when 
the connecting wire had been twisted into three consecutive 
helices, the middle one being different from the other two, a 
single piece of steel wire, sufficiently long to pass through ail 
three, being inclosed in a glass tube, was placed within them. 
On being removed, it was found to have acquired six poles: 
first a north pole, a little further on a south pole, then an- 
other south pole, a north pole, another north pole, and at the 
further end a south pole. 

The electricity of a common machine, it was afterwards as- 
certained by the Chev. Yelin, when passed along a helix, 


198 OF ELECTRO-MAGNETIC PHENOMENA. CHAP. V. 


either in simple electrical sparks, or discharges from a battery, 
has the effect of rendering an included needle magnetic. 
In varying these experiments, M. Bockman ascertained that 
no modification of the effect was produced by altering the 
diameter of the helix frum: half an inch to 13 inches. With 
a helix of 34 inches diameter, and a coated surface of 300 
square inches, much less magnetism was, however, imparted ; 
and with one of 84 inches it was scarcely perceptible. It was 
found that a needle outside of the helix was magnetized as 
much as one within; that after being once fully magnetised, a 
continuation of the discharges diminished its power; and that 
five jars, each of 300 square inches, did not produce, by re- 
peated discharges, much more effect than one of them. 

Any wire, through which a current of electricity is passing, 
has a tendency to revolve round a magnetic pole, in a plane 
perpendicular to the current; and that ‘ithout any reference 
to the axis of the magnet, the pole of which is used. Alsoa 
magnetic pole has a condelich to revolve round such a wire. 

Suppose the wire perpendicular, its upper end positive, or 
attached to the positive pole of a voltaic battery, and its lower 
end negative; and let the centre of a watch dial represent the 
magnetic pole: if it bea north pole, the wire wall ‘rotate round 
it in the direction that the watch hands move; if it be a 
south pole, the motion will bein the opposite direction. From 
these two, the motions which would take place if the wire were 
inverted, or the pole changed or made to move, may be rea- 
dily ascertained, since the relation now pointed out remains 
constant. 

The apparatus in the 
sketch is the ingenious in- 
vention of Mr. Faraday, 
and is intended to illus- 
trate these motions. The 
central pillar supports a 
piece of thick copper 
wire, which, on the one 
side, dips into the mer- 
cury contained in asmall 
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glass cup, a. Toa pin at the bottom of this cup a small cy- 
lindrical magnet is attached by a piece of thread, so that one 
pole shall rise a little above the surface of the mercury, and be 
at liberty to move round the wire. The bottom of the cup is 
perforated, and has a copper pin passing through it, which, 
touching the mercury in the inside, is also in contact with the 
wire that proceeds outwards on that sidethe instrument. On 
the other side of the instrument, 0, the thick copper wire, soon 
after turning down, terminates, but a thinner piece of wire 
forms a communication between it and the mercury in the 
cup beneath. As freedom of motion is required in this wire, 
it is made to communicate with the former by a ball and 
socket joint, the ball being held in the socket by a piece of 
thread ; or else the ends are bent into hooks, and the one then 
hooked on to the other. As good metallic contact is required, 
the parts should be amalgamated, and a small drop of mer- 
cury placed between them, and the lower ends of the wire 
should also be amalgamated. Beneath the hanging wire a 
small circular magnet is fixed in the socket of the cup, J, so 
that one of its poles is a little above the mercury. As in the 
former cup, a metallic connexion is made through the bottom 
from the mercury. to the external wire. 

If now the poles of a battery be connected with the hori- 
zontal external wires cc, the current of electricity will be 
through the mercury and the horizontal wire on the pillar 
which connects them, and it will now be found that the 
moveable part of the wire will rotate round the magnetic 
pole in the one cup, J, and the magnetic pole round the fixed 
wire in the other cup, a, in the direction before men- 
tioned. | 
By using a delicate apparatus, the MAE pole of the 
earth may be made to put the wire in motion. The rotation 
then takes place round a line parallel to the dipping needle: 
hence the rotating wire must always be inclined, so that the 
solid it describes in revolving, if a cone, and not a mere 
circle, should include a line parallel to the dip which passes 
through its apex. 


200. OF ELECTRO=MAGNETIC’ PHENOMENA, | CHAP. V: - 


Another ingenious contrivance for illustrating the rotatory 
motion of the wire round the pole of a magnet, has been in- 
vented by M. Ampére, and has the advantage of comprising 
within itself the voltaic combination which is employed. It 
consists of a cylinder of copper about 2 inches high, and 1% 
internal diameter, within which is a smaller cylinder about 
1 inch diameter. (See the wood cut.) ‘The two cylinders 
are fixed together by a bottom, having a hole in its centre 
the size of the smaller cylinder, leaving a circular cell which — 
may be filled with acid. A piece of strong copper wire is: 
fastened across the top of the inner cylinder, and from the 
middle of it rises at a right angle a piece of copper wire, sup- 
porting a very small metal cup containing a few globules 
of mercury. A cylinder of zinc, open at each end, and about. 
11 inch diameter, completes the voltaic combination. To the 
latter cylinder a wire, bent like an inverted U, is soldered at 
opposite sides ; and in the bend of this wirea metallic point: 
is fixed, which, when fixed in the little cup of mercury, sus~ 
pends the zinc cylinder in the cell, and allows it a free circu- 
Jar motion. On the suggestion of Mr.’ Barlow, Mr. Newman 
has lately fixed an additional point directed downwards from. 
the central part of the stronger wire, which point is adapted 
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to a small hole at the top of a bar magnet. _When the ap- 
paratus with one point only is charged with diluted acid, and 
set on the end of a magnet placed vertically, the zinc cylinder 
revolves in a direction determined by the magnetic pole which 
is uppermost. With two points, the copper revolves in one 
direction, and the zinc in a contrary one. The magnet em- 
ployed should be a powerful one. 

As it is not easy always to bear in mind the direction in 
which the different poles of a magnet tend to revolve round 
the galvanised wire, or in which the wire tends to revolve 
round each respective magnetic pole, the following contri- 
vance, invented by Dr. Roget, which he has been so good as 
to communicate to me, will be found very useful in aiding 
our conceptions, while studying the circumstances of an ex- 
periment, or anticipating the result of any new combination. 
AB. (see the wood cut) is a slip 
of card, on each side of which a 
line aU is drawn along the middle 
of its length, the end a_ being 
maked +, the end J —, and the 
centre c being crossed by an arrow 
at right angles to it, directed as in 
the figure. Through the centre 
and at right angles to the plane 
of the slip of card, there is made 
to pass a slender stem of wood, at 
the two ends of which are fixed, 
in planes parallel to the slip of card 
AB, the circular discs of card, 
marked respectively with the letters N and S, and with arrows 
parallel to, but pointing in a contrary direction to the one 
at c. . The same marks must be put on the reverse of each of 
the three pieces of card, so that when held in different situ- 
ations they may be seen without turning the instrument. 

If the line a J be supposed to represent the galvanic wire, 
_ {the direction of the current of electricity being denoted by 
the signs + and —, at the ends of the line,) the arrow at the 
centre will point out the direction in which it tends to move, 
when under the influence of the north pole of a magnet situ- 
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ated at N; or of a south pole situated on the other side at 
S: and, vice versa, the arrows at N and S will indicate the 
directions in which the north and south pole, respectively, 
tends to revolve round the galvanised wire in its vicinity, with 
relation to the direction of the current of electricity that is 
passing through it. 

It must be ebierved that the sscllde Nand 5 are here not 
considered as in connexion with each other, or as forming 
parts of one magnet: their operations are exhibited singly, 
and quite independently of each other. The advantage of this 
little instrument consists in its being capable of being held 
in any situation, and thus easily adapted to the circumstances 
of any fact or experiment, of which we may wish to examine 
the theory. 

The above is but a very imperfect outline of the important 
facts already known respecting electro-magnetism; but it 
would lead me into details too extensive for this work to go 
farther into the subject. I refer, therefore, to the original 
memoirs of Oersted,* Arago,t Ampére,t Sir H. Davy,§ Fa- 
raday,|| and others; and those, who wish only for a general. 
view of the subject, will find it in an “ Historical Sketch of 
Electro-magnetism,” published in the 2d and 3rd volumes, 
N.S. of the Annals of Philosophy. It is necessary, however, 
before dismissing the subject, to offer a brief view of the ex- 
planation which has been given of the leading phenomena. 

The theory of Oersted, which, though it appears to have 
led him to his principal discoveries, is not stated in a very in- 
telligible manner, rests on the assumption of two different 
and opposite electricities, positive and negative, the former of 
which is developed by the more oxidizable, the latter by the 
less oxidizable metal of galvanic arrangements. Each of these 
forces has a repulsive activity for itself, and an attractive 
activity for the opposite force. In the wire connecting the 
two opposite poles of a galvanic battery, and in the space 
around it, there are, he supposes, two currents, the one of 
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4 Quar. Journ. xii. 47. 416. 
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positive, the other of negative electricity, moving in spiral and 
opposite directions; and an effect is supposed.to take place 
in the wire and around it, dependent on the union of these 
electricities, to which he gives the name of the electric conjlict. 
By this conflict, all non-magnetic bodies appear to be pene- 
trable, while magnetic bodies, or rather their magnetic par- 
ticles, resist its passage, and are, therefore, moved by the 
impetus of the contending powers. All the effects on the 
north pole of the needle may be understood by supposing 
that negative electricity moves in a spiral lme bent to the 
right, propelling the north pole, but not acting on the south 
pole. To positive electricity a contrary motion is ascribed, 
and a power of acting on the south pole, but not on the north. 
This theory requires, therefore, that there be two electric 
fluids: but in the opinion of Dr. Wollaston, which on every 
obscure topic of science is entitled to the greatest deference, 
the phenomena may be equally well explained by a single 
electro-magnetic current, passing round the axis of the wire, 
in a direction determined by the position of the voltaic poles. 
The assumption of such a current is, it must be confessed, 
altogether gratuitous; but, without such a supposition, it is 
not easy to conceive any adequate cause for the motions that 
- are observed in the magnetic needle, when brought within 
the influence of the uniting wire. Further researches will 
probably unfold the causes of these interesting phenomena, 
and class them under general laws, founded on a more exten- 
sive induction of facts than we now possess, notwithstanding 
the zeal and genius that have already been devoted to the 
enquiry. 
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CHAPTER VI. 


OF ELECTRO-NEGATIVE BODIES. 


In conformity with the principle of arrangement which 
has been explained in the Introduction, I shall commence 
with that class of -bodies, the individuals of which are chiefly. 
distinguished by the property of being attracted by positively 
electrified surfaces, and repelled by negative ones, and the 
natural state of which may, therefore, from the common laws 
of electrical attraction and repulsion, be inferred to be ne- 
gative. "They may be termed, for the sake of brevity, electro- 
negative bodies. Though highly important from their exten- 
sive influence as chemical agents, yet their number is but 
small; for they consist only of OXYGEN, CHLORINE, IODINE, 
and a fourth body, which is only very imperfectly known to 
‘Us, FLUORINE. ‘These bodies have been classed together from 
another circumstance of resemblance, that of being what has 
been termed supporters of combustion. But to the latter prin- 
ciple of arrangement may be objected the more extensive use, 
which is now made in chemistry, of the term combustion, to 
express all chemical combinations, which are accompanied 
with the extrication of heat and light. Now these appear- 
ances constantly attend the union of some of the simple com- 
bustible bodies with each other, (sulphur and copper for in- 
stance); and we must seek, therefore, for similitudes of a more 
comprehensive kind, on which to found the classification of 
chemical substances. In the present state of our knowledge, 
none appears to me preferable to that which distributes them 
into two great classes; the FLECTRO-NEGATIVE, or bodies that 
are attracted by the positive pole of a galvanic or electrical 
arrangement, which are the four already mentioned ; and the 
ELECTRO-POSITIVE, or those that are attracted by the negative 
pole. The latter class, it will afterwards appear, contains a 
much greater number of individuals, and may itself, with 
great advantage to perspicuity and order, be divided into 
several subordinate genera. 
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SECTION I. 
Of Oxygen. — 


We have no knowledge of the properties of oxygen in a 
state of complete separation. In the most simple form, under 
which we can procure it, it is combined with caloric, and pro- 
bably with light and electricity, constituting oxygen gas. 

This gas was discovered by Dr. Priestley in August 1774. He 
first obtained it from that oxide of mercury, which is procured 
by the long exposure of quicksilver to a boiling heat, and 
which had then the name of mercurius calcinatus per se. After 
investigating its properties with considerable skill, he gave it 
the name of dephlogisticated air. In the following year, 
Scheele discovered it without any knowledge of the previous 
experiments of Priestley, and called it empyreal air. It has 
been termed, also, vital air ; but all these have given place to 
the name proposed by Lavoisier, which it now bears, and 
which though objectionable on some accounts, it is scarcely 
desirable to change. 

I. Oxygen gas may be procured from various substances. 

1. From the black oxide of manganese, heated to redness 
in a gun-barrel, or in an iron or earthen retort; or, from the 
same oxide, heated by a lamp ina retort or gas-bottle, with 
half its weight of strong sulphuric acid. One pound of man- 
ganese is capable of furnishing from 40 to 50 wine pints of 
gas. But as manganese is often contaminated with a small 
proportion of carbonate of lime, it is advisable, before using 
it, to wash it with muriatic or nitric acid diluted with 15 or 
20 parts of water; then with distilled water; and afterwards 
to dry it at a moderate heat. 

2. From the red oxide of lead (the common red lead used 

by painters), heated either with or without half its weight of 
~ concentrated sulphuric acid. 

3. From various other oxides, as will be hereafter men- 
tioned. 

4, From nitrate of potash (common saltpetre) made red- 
hot in a gun-barrel, or in an earthen retort. 
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5. From chlorate of potash, heated in a small coated glass 
retort, over an Argand’s lamp. ‘The oxygen gas thus pro- 
duced, is much purer than that obtained in any other mode, 
especially the last portions, which should be kept separate. 
It will be found, also, to be much less contaminated with 
common air, if heated in a small mattrass, which is best 
when of green glass. The chlorate of potash may be in- 
troduced while the tube is 
straight, which allows us to 
use one of very small dia- 
meter. After this, it may 
be bent by a spirit lamp, as 
represented in the annexed 
cut. . 
All these substances, after having yielded oxygen gas, are 
found considerably diminished in weight; and calculating 
each cubic inch of gas to be equal to one third of a grain, the 
loss of weight by the oxides will be found equivalent to that 
of the gas generated. | 

II. This gas has the following properties: 

1. It is not absorbed by water ; * or, at least, is so sparingly 
absorbed, that, when agitated in contact with water, 1 no per. 
ee diminution takes place. | 

2. It is rather heavier than common air. Pais Allen and 
Pepys determined 100 cubic inches to weigh 33.82 grains, the 
barometer being 80, and thermometer 60°; from whence its 
specific gravity may be deduced to be 1.1088. _ By Biot and 
Arago its specific gravity is stated to be 1.10359; by The- 
sete 1.1025; by Berzelius and Dulong 1.1026; and by Dr. 
Thomson 1.1117. Reckoning 100 cubic inches of atmospheric 
air to weigh 30.5 grains, 100 cubic inches of oxygen should 
weigh, according to Berzelius, 33.629 grains, or according to 
‘Dr. Thomson 33.906 grains. 

3. It refracts the rays of light less than any other gas. 


® In this as in several other instances, where a gas is said not to be 
absorbed by water, the assertion is not to be taken strictly, but merely as 
implying that only a minute and difficulty appreciable portion is absorbed. 
The precise proportion of each gas absorbed by water is stated i in chap. vii. 
sec. i.art. 1. in the form of a table. 
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4. When suddenly and strongly compressed, not only heat 
is evolved, but the gas Lecomes luminous, a property belonging 
to no other simple gas except chlorine. 

5. All combustible bodies burn in oxygen gas with greatly in- 
creased splendour. 

(a) A lighted wax taper, fixed to an iron wire, and plunged 
into a vessel of this gas, burns with great brilliancy, pl. iv. fig. 
38. If the taper be blown out, and let down into a vessel of 
the gas while the snuff remains red-hot, it instantly rekindles, 
with a slight explosion. ¥ 

(4) A red-hot bit of charcoal, fastened to a copper wire, 
and immersed in the gas, burns vividly and throws out beau- 
tiful sparks. 

(c) The light of phosphorus, burnt in this gas, is the 
brightest that can be in any mode produced; if we except, 
perhaps, the ignition of charcoal by voltaic electricity. Let 
the phosphorus be placed in a small hemispherical tin .cup, 
which may be raised by means of the wire stand, pl. ii. fig. 25, 
two or three inches above the surface of water contained in a 
broad shallow dish. Fill a bell-shaped receiver, having an 
open neck at the top, to which a stopper is ground, with 
oxygen gass and, as it stands inverted in water, press a 
circular piece of pasteboard, rather exceeding the jar in dia- 
meter, over its mouth. Cover the phosphorus instantly with 
the jar of oxygen gas, retaining the pasteboard in its place, till 
the jar is immediately over the cup. When this has been 
skilfully managed, a very small portion only of the oxygen 
gas will escape. The stopper may now be removed, when 
the water will rise to the same level within as without the jar, 
and the phosphorus may be kindled by a heated copper wire. 
Its combustion will be extremely brilliant. 

(d) Substitute, for the phosphor us in experiment ¢, a small 
ball formed of turnings of zinc, in which about a grain of 
phosphorus is to be inclosed; and set fire to the phosphorus 
as before. The zinc will be inflamed, and will burn with 
a beautiful white light. A similar experiment may be made 
with metallic arsenic, which may be moistened with spirit of 
turpentine. The filings of various metals may also be in- 
flamed, by plerine eral in a small cavity, formed in a piece of 
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charcoal, igniting the charcoal, and blowing, on the part 
containing the metal, a stream of oxygen gas from a bladder. 

(ec) Procure some thin harpsichord wire, and twist it round 
a slender rod of iron or glass, so as to coil it up in a spiral 
form. Then withdraw the rod, and tie a litttle thread or flax 
round one end of the wire, for about one 20th of an inch; 
which end is to be dipped into melted sulphur. ‘The other 
end of the wire is to be fixed into a cork; so that the spiral 
may hang vertically (fig. 39). Fill, also, with oxygen gas, a 
bottle capable of holding about a quart, and set it with its 
mouth upwards. Then light the sulphur, and introduce the 
wire into the bottle of gas, suspending it by the cork. The 
iron will burn with a most brilliant light, throwing out a 
number of sparks, which fall to the bottom of the bottle, and 
generally break it. This accident, however, may frequently 
be prevented by pouring sand into the bottle, so as to lie 
about half an inch deep on the bottom (see pl. iv. fig. 39). 
According to Mr. Accum,* a thick piece of iron or steel, such 
as a file, if made-sharp pointed, may be burnt in oxygen gas. 
A small bit of wood is ta be stuck upon its extremity, and set 
on fire, previously to immersion in the gas. 

(f) A little of Homberg’s pyrophorus, a substance to be 
hereafter described, when poured into a me full of this gas, 
immediately flashes like inflamed gunpowder. 

From this detail of its properties, it appears, therefore, that 
oxygen gas is eminently a supporter of combustion. It was 
jong, indeed, supposed to be the only supporter, and the pre- 
sence of oxygen was imagined to be essential to combustion. 
It will appear, however, in the sequel, that other simple bodies, 
capable of existing in an aerial form, are equally entitled to 
rank as supporters of combustion. Among these are chlorine, 
iodine, and possibly fluorine. But they do not all support the 
‘combustion of the same substances; charcoal, for example, 
does not burn in chlorine, and potassium is the only body that 
is known to burn in the vapour of iodine. 

III. During every combustion in oxygen gas, the gas suffers 
a considerable diminution.—To exhibit this, experimentally, in 


* Nicholson’s Journal, 8vo. i, 320, 
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a manner perfectly free from all sources of error, would re- 
quire such an apparatus, as few beside adepts in chemistry are 
likely to possess. The apparatus adapted to this purpose is 
described in the 6th chapter of Lavoisicr’s Elements. The 
fact may, however, be shown, less accurately, by the com- 
bustion of phosphorus, in the manner which has been al- 
ready described. The first effect of the combustion will be 
a depression of the water within the jar; but when the com- 
bustion has closed, and the vessel has cooled, a considerable 
absorption will be found to have ensued. ” 

Those persons, who are possessed of a mercurial apparatus, 
may repeat this experiment in a less exceptionable manner. 
On the surface of the quicksilver let a small hemispherical 
cup float, made of untinned sheet-iron; and, in order to keep 
it from the sides of the jar, it may rest on a wire-stand, 
shaped like the figure 43, plate iv. Let a jar, the height and 
diameter of which must be regulated by the size of the mer- 
curial trough, be filled with oxygen gas over water, and be 
removed, by means of a piece of pasteboard, as before de- 
scribed, to the mercurial bath, inverting it dexterously over 
the tin cup. If the phosphorus had been previously set on 
fire, a large quantity of the gas, expanded by the heat, would 
have escaped, snggpons have prevented the accurate mea- 
surement of the absorption. After drying the surface of the 
mercury within the jar by blotting paper, a portion of the 
included gas must, therefore, be removed. ‘This is done by 
an inverted syphon, one leg of which is to be introduced (in 
the same manner as is shown at fig. 41, g) within the jar, be- 
fore placing it over the mercury; and the gas will be forced 
through the open extremity of the other, when the jar is 
pressed down into the quicksilver. When the proper quan- 
tity has been expelled, remove the syphon. The cup, con- 
taining the phosphorus, will thus rest on the surface of the 
quicksilver within the jar, and above the level of the mercury 
without. The phosphorus is to be inflamed by passing a 

crooked iron wire, made red hot, through the quicksilver. 
On the first impression of the heat arising from its combus- 
tion, the included gas will be considerably expanded ; but when 
the phosphorus has ceased to burn, a considerable absorption 

VOL. I. P 
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will be found to'have taken place, ‘the amount of which may | 
be measured by ascertaining the height of the .quicksilver 
within the jar, before and after the experiment. ‘he quantity 
of phosphorus employed should be very small, and should not 
bear a greater: proportion than that of © grains to each pint 
of gas; otherwise the combustion will go on so far, as to en- 
danger the breaking of the jar, by the approach of the in- 
flamed phosphorus. . 

In this process, a dense white vapour is produced, which 
concretes on the inner surface of the jar in solid flakes. . “This 
substance has strongly acid properties; and, being formed by 
the union of oxygen with phosphorus, is tied the phos- 
phoric acid. 

The diminution of the volume of oxygen gas, by the com- 
‘bustion of other bodies,‘may be ascertained in a similar man- 
ner. “When thesubstance employed is not easily set on fire, 
it is proper to enclose, along, and in contact with it, a small 
bit of phosphorus, the: combustion of which excites sufficient 
heat to inflame 'iron-turnings, charcoal, &c. In-the instance 
of charcoal, however, though‘that substance undergoes com- 
bustion, no absorption ensues; ‘because, as will appear in the 
sequel, the product is a gas, occupying yoo the same bulk 
as the oxygen gas submitted‘to experimen 

IV. During the combustion of bodies in oxygen gas, a large 
quantity of caloric is liberated.— Lavoisier has endeavoured to 
prove (Elements of'Chemistry, chap. ix.) that a given weight of 
oxygen abandons very different quantities of heat, when com- 
bined with different inflammable bodies. For example, the 
caloric disengaged from 1 pound of oxygen, duritig the com- 
bustion of its equivalent of phosphorus, he estimates ‘to ‘be 
sufficient to melt between 66 and 67 pounds of ice; of char- 
coal, between $7 and 38 pounds; and of hydrogen, 52 pounds 
of ice. ‘There can be little doubt that the heat, evolved in 
these combustions, as well as the light, has its origin partly 
from the oxygen gas, and partly from the combustible body ; 
but the precise quantity due to each can scarcely be consi- 
dered as yet determined. Nor must it be understood, that 
the transition of oxygen from the gaseous to a more dense state 
is essential to the phenomena of combustion; for besides that 
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_ we have several examples of true combustion where oxygen is 

not at all concerned, as in those effected by chlorine, the 
principle must now be still more limited by a variety of cases, 
to be afterwards mentioned, which show that active and vivid 
combustion is sometimes attended, not with a condensation of 
the bodies that combine, but on the contrary with a great 
enlargement of volume; and, what is still more siibbcubinite., 
that in some instances the new compounds, formed by com- 
bustion, have as great a capacity for heat as their constituent 
principles. (See Petit and Dulong’s Memoir. Ann. de Ch. et 
Phys. x. 395.) 

V. All bodies, ly combustion in’ ox ygen gas, acquire an ad- 
dition to their weight ; and the increase is in proportion to the 
quantity of gas absorbed, viz. about one third of a grain for 
every cubic inch of gas.—To prove this by experiment, requires 
also a complicated apparatus. But sufficient evidence of the 
general fact of an increase of weight may be obtained by the 
following very simple experiment. Fill the bowl of a tobacco 
pipe with iron wire coiled spirally, and of known weight: 
let the end of the pipe be slipped into a brass tube, which is 
screwed to a bladder filled with oxygen gas: heat the bowl 
of the pipe, and its contents, to redness in the fire, and then 
force through it a stream of oxygen gas from the bladder. ‘The 
iron wire will burn; will be rapidly oxydized; and will be 
found, when weighed, to be considerably heavier than before. 
When completely oxydized in this mode, 100 parts of iron 
wire gain an addition of about 30. 

VI. The substances, capable of uniting with oxygen, afford 
one.or other of the following products; Ist; an acid; 2dly, 
an alkali or earth; or 8dly, an oxide. It is not easy to give 
precise definitions of these’ three classes of compounds. Of. 
the acids, for instance, there are some which, though entitled 
to that epithet by their general qualities of chemical combi- 
nation, aremot sour to the taste; and others which do not 
‘redden vegetable blue colours. Nor is oxygen an element 
essential to the acidity of a compound, for some bodies are 
zendered acid by union with-chlorine, and others by combi- 
nation with hydrogen. The theory of Lavoisier, therefore, 
which considered oxygen as the essential principle of acidity, 

e 2 
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‘and in conformity to which its present name was assigned to it,* 
can no longer be received as correct. ‘The name, however, 
may be retained, to avoid the inconvenience of changing one 
so long and generally received. | 

Alkalis and earths are chiefly distinguished by acting as. 
bases, with which the acids combine, -with the loss generally 
of the separate characters of each. The alkalis are soluble 
in water, and change some vegetable blues to green; and the 
earths are either not soluble at all or sparingly soluble in- 
that fluid; but in the quality of insolubility they agree with 

many of the third class of compounds, viz. oxides, especially 
with those derived from the metals, which also serve as bases- 
to the acids. 

In many instances, a combustible body, which affords an: 
acid when united -with a certain quantity of oxygen, gives an 
oxide when combined with a less quantity; and the acid may 
be brought back to the state of an oxide by separating part 
of its oxygen. We have examples, also, furnished chiefly by 
a few’of the metals, in which the same body, combined with. 
a small proportion of oxygen, gives an oxide that is capable- 
of uniting with acids, and of composing salts, and again, 
united with more oxygen, yields an acid which is susceptible. 
with alkalis and earths, of forming saline compounds. 

VII. Oxygen: gas supports, eminently, animal life.—It wilk 
be found that a mouse, a bird, or other small. animal, : will 
live four or five times longer in avvessel-of oxygen. gas, than 
another animal of the same kind and size willlive ina jar of 
atmospherical air of the same dimensions. 

VIII. This effect. seems connected with the absorption of 
oxygen by the blood.—Pass up a little dark-coloured blood into. 
a jar partly filled with oxygen gas, and standing over mer- 
cury. The gas will be in’ part absorbed, and the, colour of 
-the blood will be changed to a bright and florid red. This. 
‘change to red may be shown, by putting a little blood into — 
a common ‘vial filled with oxygen gas, and shaking it im 
contact with the gas. 


* From cfve, acid, and yetvopat, fo generate. 
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SECTION II. 


Of Chlorine. 


Chlorine was discovered by Scheele in the year 1774, and 
‘first described by him in an Essay on Manganese, under the 
name of dephlogisticated marine acid. It was afterwards 
termed in the French nomenclature oxygenated muriatic acid, 
and by Dr. Pearson oxymuriatic acid, a name generally re-~ 
ceived in this country, till superseded by that which it now 
almost universally bears. The simplest state, in which we 
are able to examine its properties, is that of a gas. 

I. This gas may be formed by either of thie: following pr o- 
“CESSES : | 
Process 1. Intoa Pe retort introduce eight ounces 
of liquid muriatic acid, sp. gr. 1.160, and four ounces of finely 
powdered manganese, and apply the heat of alamp. A gas 
will be produced, which may be received, in the usual manner, 
over water of the temperature of 80° or 90° Fahrenheit. 
From the foregoing materials about 160 cubical inches may 
‘be obtained. | 

Process 2. Grind together in a mortar eight ounces of 
muriate of soda (common salt) with three ounces of powdered 
_manganese; put them into a stoppered retort, and pour on 
them four ounces of sulphuric acid, which have been diluted 
previously with four ounces of water, and suffered to cool after 
dilation. Or the proportions recommended by Thenard may 
be employed, viz. 4 parts of muriate of soda, 1 part of oxide 
of manganese, water and sulphuric acid each 2 parts. On 
applying a gentle heat, gas will be produced, as in Process 1. 
But as the gas is sbsenlied by contact with cold water, though 
not vipiaby it should be received, when it is intended to be 
kept, in bottles filled with, and inverted in, water of the 
temperature of 80° or 90° Fahr. and provided with accurately 
ground stoppers. It will be found also much to diminish the loss. 
of gas by absorption, if it be made to issue from a gas bottle, the 
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tube of which is sufficiently 
long to reach nearly to the 
bottom of the inverted re- 
ceiving bottle; for the gas is 
thus prevented from passing 
in bubbles through a long 
column of water. (See the 
annexed cut). The stopper 
must be introduced under 
water, while the receiving : 
bottle remains quite full of "22=75 
the gas, so that no water 
may he left in the bottle, 
along with the gas. 

II. Chlorine gas has the following properties : 

(a) It has a yellowish green colour; and this property has 
suggested the name chlorine.* 

(4) It has a pungent and suffocating smell. In expe- 
riments on this gas, great care should be taken that it does 
not escape, in any dinsidorable quantity, into the apart- 
ment; for its action on the lungs is extremely painful and 
injurious. ie 

(c) It is heavier than common air (taking the statement of 
Gay Lussac) in the proportion of 2.470 to 1.000 by experi- 
ment, or 2.4216 by calculation; and 100 cubic inches should, 
therefore, weigh 75.33 grains. Sir H. Davy found them to 
weigh between 76 and 77 grains, at a mean temperature and 
pressure, the latter of which numbers would make its specific 
gravity 2.5082. Dr. Thomson fixes its sp. gr. at 2.500, 
which, taking his statement of the sp. gr. of hydrogen to be 
correct, viz. 0.0694, would make it 36 times the weight of 
hydrogen. From other data, it had been calculated to be 
only 334 times heavier than hydrogen gas. 

(2) By a temperature of + 40° Fahr. it is reduced into a 
liquid form, and is condensed on the sides of the vessel. But 
if the gas be previously dried by exposure to muriate of 


* From yAwpoc, green. 
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lime, it bears the most intense artificial cold without con- 
densation.* 2 

When a receiver, filled with this gas, not artificially dried, 
is surrounded by snow, or pounded ice, the gas forms on its 
inner surface a solid concretion, of a yellowish colour, resem- 
bling, in its ramifications, the ice which is deposited on the 
surface of windows during a hoses By a moderate in= 
crease of heat, such as to 50° Fahrenheit, this crust melts 
into a yellowish oily liquid, which, on a farther elevation of 
temperature, passes to the state of a gas. 

(e) When suddenly and considerably condensed by mecha- 
nical pressure, not only heat is evolved, as from all other 
gases, but light also; a property peculiar to this gas and 
oxygen among the simple gases. 

(f). It is not changed by being transmitted through ignited 
porcelain tubes, nor by a succession of electrical discharges 
through it. i 

(g) When a burning taper is introduced into a vessel of 
chlorine gas, the flame becomes red, a dense smoke arises, 
and the taper is soon extinguished. Phosphorus, however, 
takes fire the moment it is introduced, and burns vehemently ; 
and many of the metals, when brought in a finely divided 
state into contact with the gas, exhibit a brilliant com- 
bustion. 

(A) It is not at all acted upon by oxygen gas, but with hy- 
drogen gas a remarkable series of phenomena take place 
which’ will presently be described. | 

(2) Chlorine gas, in its ordinary state, destroys all vegetable 
colours. ‘This may be shown by passing, into the gas con- 
fined by water, a piece of paper stained with litmus, the 
colour of which will immediately. disappear. Hence the ap- 
plication of this gas to the purpose of bleaching, its power of 
effecting which may be shown by confining, in the gas, a 
pattern of unbleached calico, which has been previously boiled 
in a weak solution of caustic potash, and then washed in 
water, but not dried. Chlorine gas, however, which has been - 
carefully dried by solid chloride of calcium, and into which 


* Sir H. Davy, Phil. Trans. 1811, p. 30. 
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with this gas, is by means | 
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perfectly dry litmus paper is introduced, produces no change of 
colour in the litmus, a sufficient proof that its bleaching power 
depends on the presence and decomposition of water. 

(k) This gas is absorbed by water; slowly, if allowed to 
stand over it quiescent, but rapidly when agitated. 

1. The best method of effecting the impregnation of water 
fa Woulfe’ s apparatus, the bottles 
of which should be surrounded by ice-cold water. The quan- 
tity of the gas, which water is capable of absorbing, appears, 
from the concurrent testimony of Davy and Dalten, to be 
twice its bulk. The former has remarked that water, appa- 
rently saturated with chlorine by agitation with it in a narrow 
vessel, takes up a further portion of the gas when exposed) 
with a broad surface. | 

Z. The watery solution, if perfectly free from common mu- 
riatic acid, has not the taste of an acid, but an astringent 
one. Its purity from muriatic acid may be ascertained by a 
solution of nitrate of mercury, which is not precipitated by 
in chlorine. tse 

. Lhe watery solution hfe the colour and peculiar smell of 
gas, and has a similar property of discharging vegetable 
colours. Hence it may be employed i in bleaching. 

4. When the watery solution of chlorine is panied to a 
temperature only a little above that of freezing water, the gas, 
which is combined with it, separates in the form of a liquid, 
heavier than water. | ' 

5. Chlorine is not altered by the temperature of boiling 

water; for its solution may be raised in distillation, and again 
condensed without change. . 
~ 6. When the solution of chlorine in water is exposed to the 
direct rays of the sun, oxygen gas is obtained, and the acid 
passes to the state of muriatic acid. Placed in the current 


of the electric fluid, the chlorine, and the oxygen of the water, 


arrange themselves at the positive, and the hydrogen at the 
negative pole. 

Chlorine is susceptible of combination with various other 
bodies, and the compounds possess, in many instances, re- 
markable properties. At present we shall describe those only 
which result from the union of chlorine with oxygen. 
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Art. Pe otonide of Chlorine or Euchlorine. 


When chlorate or hyper-oxymuriate of potash (a salt 
which will be afterwards described) is distilled, at a gentle 
heat, with weak muriatic acid, a gas may be collected over 
mercury, which is found to differ essentially from chlorine. 
Its colour has a dense tint of brilliant yellow green; and its — 
smell resembles that of burnt sugar, mixed with the peculiar 
smell of chlorine. Water takes up eight or ten times. 
its volume, and acquires an orange tint. It has been called 
by its discoverer, Sir H. Davy, Evchloric gas, or simply 
Euchlorine. Gay Lussac has proposed for it the name of ox- 
ide of chlorine; but it may, with more propriety, be called 
Protoxide of Chlorine. 

Euchlorine explodes by a gentle heat, applied to the vessel 
which contains it, and five parts in volume become six, con- 
sisting ofa mixture of oxygen and chlorine gases, in such 
proportions that euchlorine must be composed of two in vo- 
- lume of chlorine and one of oxygen, the latter being con- 
densed into half its bulk, or by weight of 


@nlorne ss. osc. 81.44 s cee TOO 
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These proportions indicate that euchlorine is constituted of 
one atom of chlorine = 36, 4- one atom of oxygen = 8, and 
hence its atom must weigh 44. . 

When detonated with twice its volume of hydrogen gas, 
there is a condensation of more than two thirds of t mixture, 
and liquid muriatic acid is formed. 

Mercury has no action on enchlorine at common ee a- 
tures. Antimony and copper burn in it, if introduced previously 
heated. Suiphur and phosphorus decompose it; and, char- 
coal already ignited burns in isa a dull red light. Nitrous 
gas condenses it with red fumes. | n 

Euchlorine destroys vegetable colours; but it first gives the 
blue atint ofred. ve 

In almost all cases of vivid combustion, there is a conden- 
sation of the bodies which unite; but in the decomposition of 


o 
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euchlorine by heat, we have the remarkable phenomenon of 

an explosion, accompanied with heat and light, and yet with 

an expansion of the elements, which are separated from 
each other. | 


Art. 2.—Deutoxide or Peroxide of Chlorine. 


Another compound of chlorine and oxygen, containing a 
larger proportion than euchlorine, of the latter element, was 
es overed by Sir H. Davy,* and has since been made the 
subject ofa series of experiments by Count Stadion of Vienna.+ 
As it exhibits no acid properties, it may be called peroxide of 
chlorine, a name, it appears to me, preferable to that of deut- 
oxide, which has also been applied to it, because intermediate _ 
compounds will probably be discovered between this oxide. 
and the protoxide already described. 

To procure it, 50 or 60 grains of the powdered chlorate of 
potash are to be mixed with a small quantity of concentrated 
sulphuric acid. When thoroughly incorporated, a solid mass 
will result, of a bright orange colour. This is to— be intro- 
duced into a small retort of glass, which is to be exposed to 
the heat of water gradually warmed, but prevented from at- 
taining the boiling point’ by an admixture of spirit of wine. 
Chude Stadion vedas it by fusing a small quantity of chlo- 
rate (hyper-oxymuriate) of spans in a retort. Over this, 
when cool, he poured concentrated sulphuric acid, and ex- 
posed the retort to water for three hours, gradually raising its 
temperature to 212°. The gas may be received over mercury, 
- on which a no action at conimon temperatures. 

It has a lively yellow colour, much more brilliant than that 
of euchlorine; is much more rapidly absorbed by water ; and 
has a peculiar aromatic smell, not mixed with any smell of 
chlorine. According to Davy, it destroys vegetable blue co- 
lours, without first reddening them; but but Stadion 
i se lue paper. When heated to 


“3 


asserts that it does not change b 
about the temperature of 212° Fahr. or, according to Count 
Stadion, to between 112° and 114°, it gemplectes with more 
violence, and a greater expansion of volume, than euchlorine,. 


* Phil. Trans. 1815, Part Il. + Thomson’s Annals, ix. 22. 
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producing much light. After explosion over mercury, from 
2.7 to 2.9 volumes appear, for every two of gas decomposed $ 
and, of these two, as Count Stadion also admits, are oxy= 


gen and the rest chlorine. A little chlorine is absorbed, how-_ 
ever, by the mercury, and it is reasonable, Sir H. Davy thinks,. — 


to conclude that the deep yellow gas is, in reality, composed. 


of two in volume of oxygen, and one of chlorine, condensed _ 


into two volumes. If this be correct, the gas must consist, by 
weight, of one atom of chlorine 36, and four atoms of oxygen 
$2, and its atom will weigh 68. But if, as Stadion asserts, it 
gives two volumes of chlorine and three: of oxygen, it should: 
consist of one atom of chlorine and only three of oxygen. 

It is not decomposed, at common temperatures, by any com- 
bustible body, except phosphorus, which occasions an explo- 
sion when introduced into it, and burns, in the liberated 
gases, with great brilliancy. | 

Its saturated solution in water, which contains seven vo- 
lumes of gas, is of a deep yellow colour. It does not taste 


sour, but extremely astringent and corroding; and it leaves 


on the tongue a disagreeable and lasting impression. ‘The 
solution may be kept in the dark unchanged, but when ex- 
posed to the sun’s rays it is decomposed, and chlorine and 
chloric acid are obtained. 


Art. 3.—Chloric Acid. 


A third compound of chlorine and oxygen was pointed out: 
by Mr. Chevenix, some time before it was obtained in a se- 
parate form, as existing in the class. of salts called by him 
hyper-oxymuriates. For the method of exhibiting it ina dis- 
tinct state, we are indebted to Vauquelin* and Gay Lussac.t 
The following is the process: Toa solution of pure chlorate of 


barytes (the mode of preparing which will be described chap.. 


ix, sect. 5.) add by degrees dilute sulphuric acid, as long as it 
occasions any precipitation. This separates the barytes, and 
leaves the chloric acid combined with water only. It is im- 
portant to add no more sulphuric acid than is barely suffi- 


* Ann. de Chim. xev, 102. 4+ Ibid. xci. 111. 
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cient; for the slightest excess renders the chloric acid :mpure. 
If the right quantity has been used, the liquid obtained should 
remain perfectly transparent, when, taking two separate por- 
tions of it, we add to the one dilute sulphuric acid, and to the 
other chlorate of barytes. If either of these agents occasions 

| a precipitate, we must add it by degrees till the effect ceases. 

We The clear liquid is then to be decanted by a syphon, and re- 
served for use. It is‘a solution of chloric acid in water; and 
has the following properties. 

1. It is free from colour; its taste is acid and astringent; 
and its smell, when concentrated and a little heated, is mode- 
rately pungent. | 

2. It reddens ‘the infusion of litmus. Paper stained with 
litmus, though it does not immediately Jose its colour, yet is 
deprived of it ina day or two if left in the liquid; or more 
rapidly if taken out of the liquid and exposed to the air, in 
consequence of the solution becoming more concentrated. 

3. It does not precipitate either silver, mercury, or lead, 
from nitric acid. as 

4. It is volatilized by heat, but not without a partial decom- 
position into chlorine and oxygen. Hence it afterwards pre- 
cipitates the nitrate of silver. . 

5. Muriatic acid decomposes it, and both acids, if mixed 
in just proportion, are changed entirely into chlorine. 

6. Chloric acid is decomposed, alco; Miicniphuseted hy- 
drogen and by sulphurous acid. In the first case, chlorine 
and sulphur are separated, and water is formed. In the se- 
cond, sulphuric acid is formed, and chlorine set at liberty. 
None of the acids, which are saturated with oxygen, have any 
action on chloric acid. 7 

7. All the metals that are capable of decomposing water, 
decompose also the chloric acid, and afford compounds of 
chlorine with a metallic oxide. 

According to the experiments of Vauquelin, chloric acid is 
composed of 


ee mw Chiorine. . 22, 835 eee 100g. +. ++ 54: 
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This determination differs materially from that of Gay 
Lussac,, accor ding to whom 32.304 oxygen convert 28.924 
chlorine into chloric acid, and hence it should be composed 
of ; 
Chlorate. fees bey Sock enciouehOO tes sfeine, 90 
OQrarronal. :sicaissing hind samen. tol L Oates» <x: ),1,00 


100. 


The result of Gay Lussac is by much the more probable of 
the two, and would make the chloric acid consist of one atom 
of chlorine + 5 atoms of oxygen (together = 76) while Vau- 
quelin’s numbers would indicate no less than 8 atoms of oxy- 
gen. Mr. Chenevix formerly stated the composition of the 
hyper-oxymuriatic or chloric acid to be 65 oxygen + 35 mu- 
riatic acid. To accommodate this view to the new theory, 
10.4 taken from the oxygen and added to the muriatic acid 
will give 45.4 and 54. 6, numbers not very different from those 
- of Gay Lussac. : 

It is proper, however, to add that the existence of a simple 
combination of chlorine and oxygen has been disputed by Sir 
H. Davy, who considers the liquid, obtained by Gay Lussac, 
as constituted of two proportions (atoms) of hydrogen, one of 
chlorine, and six of oxygen. ‘To this the latter has replied, 
that the hydrogen is not an element of the acid itself, but of 
water with which the acid is united, as is the case with liquid 
sulphuric and nitric acids, ‘The reader who takes an interest 
in this controversy, may find it in the first volume of Annales 
de Chimie et de Physique, and of the Journal of Science and 
the Arts; and the argument for the existence of hydrogen in 
certain acids as an essential and acidifying principle, and not 
as a constituent of water, has, also, been ably supported by Dr. 
Murray, ina late volume of the Edinburgh Transactions. 


Art. 4,.—Perchloric Acid. 


In obtaining peroxide of chlorine by Sir H. Davy’s or by 
Count Stadion’s process, a peculiar salt is formed, which was 
first noticed by the latter philosopher. It is mixed with bi- 
sulphate of potash, which may be separated by a second crys- 
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tallization, and the peculiar salt then appears in octohedral 
crystals. It requires 55 times its weight of water at 60° for 
solution, but dissolves freely in boiling water. In alcohol it 
is quite insoluble. When distilled with an equal weight of 
sulphuric acid, at a temperature ef 280° Fahr. it is decom- 
posed: and an acid (of whose properties, however, we have 
not a distinct account) may be distilled over. When the salt 
is distilled alone at 412°, it is converted into chloride of potas- 
sium (dry muriate of potash) and oxygen gas, in the following 
proportions. One hundred parts by weight afford 

28.49 potassium 


Chloride of potassium... 54.08 containing bs 5.59 chlorine 


Wxygen ye 8s ASR 


100. 

Hence it appears that 25.59 chlorine are united with 45.92 
oxygen, which is nearly in the proportion of 36 chlorine to 64 
oxygen. fPer-chloric acid will therefore consist of one atom 
of chlorine = 86, united with eight atoms of oxygen = 64; 
and the weight of its atom will be 100. 


SECTION IU. 
Of Iodine, and its Compounds with Oxygen and Chlorine. 


IopINE was discovered accidentally, about the beginning of 
the year 1812, by M. Courtois, a manufacturer of saltpetre at 
Paris. In the processes for procuring soda from the ashes of 
sea weeds, he found his metallic vessels much corroded ; and 
in searching for the cause, he made this discovery. ‘Speci- 
mens of the new substance were given to MM. Desormes and 
Clement, who read a short memoir upon it, at a meeting of 
the Institute of France, in November 1813. Its properties 
and combinations have since been ably investigated by Vau- 
quelin ;* by Gay Lussae;+ by ‘Sir H. tae {¢ and by Gaul- 
tier de Claubry-and Colin.§ 


~* go Ann de Chim. 206. tT gl Ann. de Chim. 
‘~ Phil, Trans. 1814, § 90, 91, & 93 Ann. de Chim. 
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When all the soda has been separated by crystallization from 
a solution of kelp or barilla, or from the ley of ashes of marine 
plants, that afford the mineral alkali, in order to procure 
iodine from the residuary liquor, concentrated sulphuric acid 
is to be poured upon it, in a retort furnished with a receiver. 
The iodine passes into the receiver, under the form of beauti- 
ful viclet vapours, which are condensed in crystalline plates, 
having the aspect of plumbago. To purify it from the re- 
dundant acid, that comes over with it, the iodine may be re- 
distilled from water, containing a very small quantity of pot- 
ash, and afterwards dried by pressing it between folds of 
blotting paper.* 

General Properties.—lodine is a solid, at the erdeenaty tem- 
perature of the atmosphere. It is often in scales, resembling 
those of micaceous iron ore; sometimes in large and brilliant 
rhomboidal plates; and occasionally in HbA catea octohe- 
drons.t Its colour is bluish black; its lustre metallic, it is 
soft and friable, and may easily be rubbed to a fine powder. 
Its taste is very acrid, though it is sparingly soluble in water, 
which does not take up above one 7000th part of its weight, 
and it is poisonous if taken in a large dose. Its specific gra- 
vity, at 60° Fahrenheit, is 4.946. It is a non-conductor. of 
electricity; and possesses, in a high degree, the electrical pro - 
perties of oxygen and chlorine, being determined to the posi- 
tive pole of a galvanic arrangement. “When applied to the 
skin, it produces a yellow stain, but this disappears as the 
iodine evaporates. 

Todine is fusible at 225° Fahrenheit, sited, under the ordi- 
nary pressure of the atmosphere, is volatilized at a temperature 
somewhere near 350°, forming a gas 125 times denser than 
hydrogen, which last number represents the weight of its atom. 
According to Gay Lussac, the specific gravity of its vapour, 
compared with air, is 8.678. Hence 100 cubic inches should 
weigh 269 grains. The volatilization of iodine at the heat of 
boiling water, which happens when it is distilled with that 


* “More minute directions for its preparation are given in the Phil. Mag. 
xl. 57, 141, and 209. 


+ Dr. Wollaston ‘has described the form of its crystal i in Thomson’s 
Annals, v. 237. See also Journ, of Science, &c. v. 364, 
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fluid, depends on its affinity for aqueous vapour. ‘The colour 
of its vapour is a beautiful violet, and hence its name (from 
iwdns, violaceus). 


Arr. 1.—Jodine and Oxygen. 
Action of Oxygen.—Iodine undergoes no change by being 


heated in contact with oxygen gas, or with chlorate of potash. 
By the intervention of protoxide of chlorine, however, it ad- 
mits of being combined with oxygen, and it then furnishes a 
peculiar acid with that body. 

Action of Protoxide of Chlorine.— When iodineds exposed to 
euchlorine, Sir H. Davy has discovered,* that there is an im- 
mediate action; its colour changes ‘to bright orange; and a 
liquid is formed. By the application of a gentle heat, the orange 
compound of chlorine and iodine is expelled, and a compound 
of oxygen and iodine remains. \'This substance is a white 
semi-transparent solid; it has no smell, but a strong astrin- 
gent sour taste. Its specific gravity is such that it sinks in 
ater acid. 

When decomposed by heat in a pneumatic apparatus, it, is 
resolved into oxygen gas and pure iodine; and it is, therefore, 
termed: by Sir H. Davy, oxyzodine ; by Gay. Lussac acide 
todique anhydre.t Thirteen grains afforded 9.25 cubical inches 
of oxygen gas, = 3.14 grains. Hence it is composed of: 


Iodine: .i2'75.85 oiute 10000v.4.0:91498 
Oxygen... 24.15 2... 931.84. J25100! 


100. 131.84 414.8 
Todic acid, therefore, is constituted of 
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And the weight of its atom is....... 165 


It presents, then, in its composition, a striking analogy with 


* Phil. Trans. 1815, part 2. 
t The term anhydrous, which will be often used, is derived from a 
Greek word signifying without water, 
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chloric acid, which is composed of 5 atoms of oxygen and 1 
atom of chlorine. 

Anhydrous iodic acid is very soluble in water, and is slightly 
deliquescent. Its solution, called by Gay Lussac acide iodique, 
first reddens, and then destroys, vegetable blues, and reduces 
other vegetable colours to a dull yellow. When evaporated 
sufficiently, it becomes a thick pasty substance, and at length, 
by a cautiously regulated heat, yields the anhydrous acid un- 
altered. 

When heated in contact with inflammable bodies, or with 
the more combustible metals, detonations are produced. Its 
solution in water rapidly corrodes all the metals, and even acts 
on gold and platinum, but especially on the first. 

When its solution is poured into solutions of alkalis, or 
alkaline earths, or when made to act on their carbonates, triple 
compounds are formed of oxygen, iodine, and the metallic 
bases, called by Sir H. Davy, oxyiodes ; and by Gay Lussac, 
perhaps more properly, iodates. With solution of ammonia, 

it composes iodate of ammonia; and from the soluble salts of 
_barytes and strontites, it precipitates their respective iodates. 
Forty-eight grains of iodate of potassium, when decomposed 
by heat, afforded Sir H. Davy 31 cubic inches = 10.5 grains 
of oxygen gas. 

Iodic acid enters into combination with all those fluid or 
solid acids, which it does not decompose. Sulphuric acid, 
dropped into a saturated solution of it in hot water, precipi- 
tates a solid, which, on cooling, forms rhomboidal crystals 
of a pale yellow colour. This compound is fusible; and, 
with a heat properly regulated, may be sublimed unaltered. 
Hydronitric and hydrophosphoric acids afford analogous 
compounds. Oxalic and liquid muriatic acids decompose it. 
Allits acid combinations redden vegetable blues ; dissolve gold 
and platinum; and when added to alkalis or earths, afford 
common neutral salts, and their respective iodates. In their 
crystalline state, the compounds of iodic and other acids are 
most probably hydrates; the acids carrying with them, into 
combination with iodic acid, their definite proportion of 
water. 


VOL. I. Q 
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Art. 2.—Iodine and Chiortne 


fe 


Todine absorbs less than one-third its weight of chlorine, 
and forms a peculiar acid which may be called chloriode, or 
the chloriodic acid, and its compounds chloriodates.  Ac- 
cording to’ Gay Lussac, indeed, two compounds result, the 
one of a fine orange-yellow colour, containing the largest 
proportion of chlorine, the other orange-red. Both are solid 
and crystalline; deliquiate when exposed to the air; are 
fusible into an orange liquid; and give an orange coloured 
gas. The watery solution takes more iodine, and acquires 
a deeper colour; but if agitated with chlorine, it is deprived 
of colour, and when poured in that state, into solution of 
potash, the deflagrating salt is precipitated. From liquid 
ammonia, the colourless liquid precipitates a white detonating 
compound; but the coloured solution throws down the 
darker compound, which detonates on the slightest touch, and 
is, indeed, identical with that procured by the direct action of 
iodine on ammonia. 

Chloriodic acid (or chlorure of iodine, as it is called by Gay 
Lussac) precipitates the salts of iron, lead, tin, and copper ; 
probably in the state of iodates. 

It has been observed by Gay Lussac, that, in order to con- 
vert the whole of a quantity of alkali into the deflagrating salt, 
without any of the hydriodate, (which otherwise is produced 
in greater proportion than the iodate) it is necessary, first, 
to combine the iodine with chlorine; and, after dissolving the 
compound in water, to saturate it with alkali. 

Nature of TIodine.—Iodine, from all that we yet know re- 
specting it, is to be considered as a simple or elementary body, 
having a very striking analogy with chlorine, which it resem- 
bles, Istly, in forming one acid by uniting with hydrogen, 
and a different acid with oxygen; @dly, in its effects on vege- 
table colours; 3dly, in its affording, with the fixed alkalies, 
‘salts which nearly approach in characters to chlorates; and 
4thly, in its electrical habitudes. Its discovery, indeed, lends 
strong support to that theery, which considers chlorine as a 
simple body, and muriatic acid asa compound of chlorine and 
hydrogen. In the property of forming an acid, whether it 
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be united with hydrogen or with oxygen, iodine bears, also, 
an analogy to sulphur; and it is remarked by Gay Lussac of 
the combinations of chlorine, iodine, and sulphur, with the 
elements of water, that while the acids, which they respective- 
ly form with oxygen, have their elements strongly condensed, 
those formed with hydrogen have their elements very feebly 
united. Sulphur has the strongest affinity for oxygen, then 
iodine, and lastly chlorine. But for hydrogen, chlorine has 
a stronger attraction than iodine, and iodine than sulphur ; 
whence it appears that the affinity of each of those bodies for 
oxygen is inversely proportionate to its affinity for hydrogen. 

The source of iodine in nature has been investigated by M. 
Gaultier de Claubry.* His first experiments were directed to 
the analysis of the several varieties of Fucus, the combustion 
of which furnishes the soda of sea-weeds. Before these vege- 
tables are destroyed by combustion, he ascertained that iodine 
exists In them in the state of hydriodate of potash 3 and that 
calcination only destroys the vegetable matters, with which it 
is combined: As the hydriodate of potash is a deliquescent 
salt; it remains in the mother liquor, after separating the car- 
bonate of soda, and most of the other salts, by crystallization. 
In the course of these experiments, M.de Claubry found that 
starch is one of the most delicate tests of the presence of 
iodine, and if added to any liquid containing it, with a few 
drops of sulphuric acid, iodine is indicated by a blue colour, 
of greater or less intensity. In this way, he detected iodine in 
the decoction of several varieties of Fucus ; but he was unable 
to discover the slightest trace of it in sea-water. The Fucus 
Saccharinus yielded it most abundantly; and in order to ob- 
tain it by the cheapest and easiest process, he recommends 
that we should submit this facws, dried and reduced to powder, 
to distillation with sulphuric acid. 


# Ann. de Chim. xciii. 75, 118. 
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SECTION IV. , 
Of Fluorine. 


THE experiments of Sir H. Davy led him, in 1808, to con- 
clude, chiefly from the action of potassium on silicated fluoric 
gas, that the fluoric acid is a compound of oxygen with a 
combustible basis. But as all acids, so constituted, are de- 
composed by galvanic electricity, their base being determined 
to the negative, and their oxygen to the positive pole, he has 
since * submitted liquid fluoric acid to this test, after having - 
ascertained, by the result of its combination with ammoniacal 
gas, that in its strongest form, it contains no water. Consi- 
derable difficulty was experienced in making the necessary ex- 
posure of the liquid to electricity, (partly in consequence of 
the dangerous fumes which it emitted,) and also in collecting 
the products. At the negative pole, a gas was evolved, which, 
from its inflammability, appeared to be hydrogen. The platina 
wire at the positive pole was rapidly correded, and covered 
with a chocolate powder, the properties of which seem not to 
have been examined. ye’ ttc! 

When fluate of ammonia was treated with potassium, no 
evidence was obtained of its containing oxygen. Charcoal, 
also, intensely ignited in fluoric acid gas, gave no carbonic 
acid. ‘The most simple way of explaining the phenomena 
appears, therefore, to Sir H. Davy, to be by the supposition, 
that the fluoric acid, like the muriatic, is composed of hydrogen, 
and a peculiar base, possessing, like oxygen and chlorine, a 
negative electrical energy, and hence determined to the posi- 
tive surface. For this base, which, like chlorine, he believes 
to combine at once with metals, the name of fluorine has been 
proposed. ‘This substance, from its strong affinities and de-. 
composing agencies, has not yet been exhibited in a separate 
state; nor have any of the attempts to detach it from its com- 
binations by chlorine or oxygen, (on the presumption that the 
attraction of one of those bodies for the metals might be supe- 
rior to that of fluorine,) been hitherto successful. 


* Phil. Trans. 1813, part 2; and 1814, part 1. 


SECT. IV. FLUORINE. 229 


The number representing the atom of fluorine, as deduced 
from the composition of fluor spar, is 17.1; and fluor spar 
must be composed of 20 calcium and 17.1 fluorine. On the 
whole, Sir H. Davy is disposed to estimate the weight of the 
atom of fluorine at less than half that of chlorine, and to fix it 
at 33, whichis equivalent, on Mr. Dalton’s scale, to 16.5. 


ELECTRO-POSITIVE BODIES. 


The bodies which are determined to the negative pole of a 
galvanic arrangement, and whose inherent electrical state 
may, therefore, be presumed to be positive, have been some- 
times termed simple combustible bodies. To this title, however, 
the same objections exist, which have been before urged 
against that of supporters of combustion as applied to electro- 
negative substances; and it may be added that one body at 
least (azote) may with propriety be included among electro- 
positive bodies, which cannot be considered as combustible, 
and to which it would otherwise be difficult to assign a place. 
The electro-positive class comprehends, as we have already 
observed, all the objects of chemical science, with the exception 
of the four that have been already described; and from their 
ereat number it becomes desirable to distribute them into 
subordinate and less comprehensive divisions. ‘They may be 
considered, then, either as elementary or compound. The 
elementary, or those which have not been as yet resolved into 
a more simple state, may be divided into, 

I. Those, which, by combination with oxygen or hydrogen, 
are capable of being converted into acids, but which have no 
metallic properties. 

II. Those which either decidedly rank as metals, or are 
so nearly allied to metals in their general habitudes, as to ren- 
der it improper to assign to them any other place in a chemi- 
cal arrangement. In the class of metals will be found a few 
bodies which yield acids when united with oxygen, and one 
or two which are even acidified by combination with hydrogen. 
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CHAPTER VII. 


OF SIMPLE ACIDIFIABLE BODIES (NOT METALLIC), AND 
THEIR COMBINATIONS WITH OXYGEN, CHLORINE, IODINE, 
AND FLUORINE. 


Tus subdivision comprehends hydrogen, nitrogen, char- 
coal, boron, phosphorus, sulphur, and selenium, bodies ex- 
tremely different from each other in their external appearance 
and physical characters, but still agreeing in the property of 
being convertible into acids. Of these, hydrogen is acidifiable 
only by chlorine; nitrogen, charcoal, and boron by oxygen 
only; while sulphur and selenium are acidifiable both by hy- 
drogen and oxygen. In selecting the order in which they 
should be described, I have been governed chiefly by the im- 
portance of their compounds, and by the extent of their influ- 
ence over chemical phenomena. Tor this reason, I begin with 
hydrogen, because there are few chemical changes in which 
water is not concerned, either by acting as a solvent, or by 
furnishing oxygen or hydrogen to the bodies with which it is 
brought into contact. 


a a 
SECTION I. © 


Of Hydrogen. 


THE most simple form, in which HypROGEN has hitherto 
been obtained, is in that of a gas, that is, in a state of union 
with caloric, and perhaps with electricity and light. From 
this combination we are not able to separate it, except by 
availing ourselves of the affinity of some other substance, in 
which case the hydrogen separates from the caloric, and forms, 
with the body which has been added, a new combination. 
Of its nature we know but little; but as it has not yet been 
resolyed into any more simple form, it is still arranged among 
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elementary bodies, ‘The date of the discovery of hydrogen 
gas does not appear to be clearly ascertained; but it seems to 
have been first attentively examined by Mr. Cavendish. It 
has been termed inflammable, or light inflammable air, and re- 
ceived its present appellation for a reason which will be stated 
in the sequel. 

I. To procure hydrogen gas, let sulphuric ahd, previously 
diluted with five or six times its weight of water, be poured 
on iron filings or turnings, or on small iron nails; or (which is 
still better) pour sulphuric acid, diluted with eight parts by 
weight of water, on zinc,* granulated by pouring it melted 
into cold water, and contained in a gas bottle or small retort. 
An effervescence will ensue, and the escaping gas may be col- 
lected in the usual manner. According to Mr. Cavendish, one 
ounce of zinc gives 356 oz. measures = about 676 cubic 
inches, and 1 oz. of iron filings, 412 oz. m. = 782 cubic inches, 
of hydrogen gas. An ingenious apparatus for obtaining it 
instantaneously in a laboratory is described by Gay Lussac, 
in the 5th vol. of Ann. de Chim. et Phys. p. iad and the 
annexed cut shows its construction. 
It consists of a three necked glass 
bottle, one of whose openings has a | 
stopper from which is suspended a 
small cylinder of zinc. To the op- 
posite aperture is fixed a bent brass — 
tube furnished with a stop cock, on 
which may be’screwed either a small 
jet for burning the gas, or a tube to 
conduct it wherever it may be re- 
quired. ‘The upper vessel is of glass, — 
and ground to fit the middle neck, its pipe reaching within a 
small distance of the bottom of the bottle. ‘To use the appa- 
ratus. the lower vessel is filled with sulphuric acid properly di- 
luted, and the zinc cylinder is then introduced, the stopper 
being closed to which it is affixed, and the cover of the upper 
vessel removed. The gas, which is generated, drives the 
diluted acid into the upper vessel, and the further production 


* Zinc may be purchased at the brass-founders or copper-smiths, under 
the name of speltre. 
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of it ceases, when the zinc is completely uncovered. We 
have then the bottle filled with gas; and can at any time expel 
it by opening the cock, and allowing the atmosphere to press 
on the surface of the liquid in the globular vessel. 

Hydrogen gas, thus obtained, is not to be considered as ab- 
solutely pure. An observation of Mr. Cuthbertson long ago 
rendered it probable that, when disengaged by zinc, it con- 
tains a portion of that metal; and, when generated by means 
of iron, it is apt to contain a little carbureted hydrogen. Mr. 
Donovan has also shown,* that, when procured from zinc and 
dilute sulphuric acid, it is contaminated with sulphureted hy- 
drogen and carbonic acid; and he recommends that to obtain 
pure hydrogen, we should first agitate common hydrogen with 
lime-water during a few minutes, next with a little nitrous 
acid, afterwards with solution of green sulphate of iron, and 
finally with water. It appears to.me, however, that as the 
only impurities, discovered by Mr. Donovan iu hydrogen gas, 
were carbonic acid and sulphureted hydrogen, they may be 
equally well removed by the simple process of washing the 
crude gas either with lime-water or with a solution of caustic 
potash; and Berzelius and Dulong, indeed, in their recent ex- 
periments, seem to have trusted entirely to the latter agent. 

II. This gas has the following properties : | 

1. If remains permanent over water, or is not absorbed in a 
proportion exceeding -,th the bulk of the water. 

2. It is not altered either by intense heat or by electric 
discharges. It refracts. light more powerfully than any other 
gas. 

3. As commonly procured, it has a disagreeable smell ; but 
pure hydrogen gas was found by Mr. Donovan to be free from 
all odour. 

4. It is inflammable. This may be shown by the following 
experiments : 

(a) Fill a small jar with the gas, and, holding it with the 
mouth downwards, bring the gas into contact with the flame 
ofa candle. The air will take fire, and will burn silently with 
alambent flame. | 


* Phil, Mag. xlvili. 138. 
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(J). Fill with this gas a bladder which is furnished with a 
stop-cock, and with a small pipe, of diameter less than that ofa 
common tobacco pipe. Press the air out through the pipe, 
and, on presenting a lighted candle, the stream will take fire, 
and continue to burn with a pale and feeble flame, not well 
adapted to the purpose of artificial light. 

Persons, who are provided with the jars represented pl. ii. 
fig. 22, a, may screw to the cock a brass pipe with a small 
aperture. On pressing the jar, filled with hydrogen gas, into 
the water, and opening the cock, the gas will be forced out in 
a stream, which may be set on fire. On this principle are 
founded the artificial fireworks without smell orsmoke. They 
consist of pipes, having variously sized apertures, some of 
which have a rotatory motion; and to give greater brilliancy 
or variety of colour to the flame, the hydrogen gas is impreg- 
nated either with sulphuric ether, or some other substance 
that admits of being readily diffused through it. 

(c) Ina strong bottle, capable of holding about four ounces 
of water, mix two parts of common air and one of hydrogen 
gas. On applying a lighted candle, or a red hot wire, the 
mixture will burn, not silently, as in experiment (a), but with 
a sudden and loud explosion. If a larger bottle be used, it 
should be wrapped round with a handkerchief, to prevent the 
glass from doing any injury, in case the bottle should be 
burst.* 

Mr. Cavendish madea number of experiments on the effects 
of firing different proportions of hydrogen gas and common air. 
(Phil. Trans. vol. lvi.) Nine parts of air with one of hydrogen 
did not fire easily, and gave a feeble sound; and four parts of 
hydrogen with one of air caught fire without noise, and con- 
tinued to burn only in the neck of the bottle. Four parts of 
hydrogen and six of air gave the loudest sound. He found 
indeed that it was necessary that the mixture should contain 
more air than inflammable gas; otherwise the whole of the 
latter is not consumed. From theory, five volumes of common 
air should be sufficient for two of hydrogen, for these are ade- 


* These experiments may also be made advantageously by means of an 
apparatus sold under the name of the inflammable air-pistol. 
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quate to saturate one volume of oxygen which is contained 
in 5 of atmospheric air; but it is probable that a small excess 
of common air will render the combustion more perfect. 

(d) The same experiment may be repeated with oxygen gas, 
instead of atmospherical air; changing the proportions, and 
mixing only one part of oxygen gas with two of hydrogen. 
The report will be considerably louder. The bottle should be 
a very strong one, and should be wrapped round with several 
folds of evens to prevent an accident. 

In this case also the combustion is imperfect, if much more 
or much less oxygen be employed, than is required to saturate 
the hydrogen. When the oxygen is 94 times the volume of 
the hydrogen, or when, on the other hand, it is reduced to one 
tenth of the bulk of the latter gas, the combustion in both cases 
is incomplete, and a portion of the hydrogen remains uncon- 
sumed. Sir H. Davy found that one measure of hydrogen 
and oxygen gases, mixedin due proportion for perfect com- 
bustion, was rendered uninflammable by eight additional mea- 
sures of hydrogen, or nine of oxygen. 

(ce) The combustion of these two gases may be made over 
water, by means of the electric spark. Procurea strong tube, 
about three quarters of an inch diameter, and 12 inches long, 
closed at one end (plate ii, fig. 29, 4.) About a quarter or 
half an inch from the sealed end, let two small holes be drilled, 
opposite to each other, and into each of these let a brass con- 
ductor be cemented, so that the two points may be distant 
from each other within the tube, about one 8th of an inch. 
An apparatus, serving the same purpose, and much more 
easily constructed, may be formed by hermetically sealing a 
piece of brass wire, or, still better, platina wire, into the end of 
a glass tube (fig. 29, a). With this conductor, an interrupted 
circuit may be formed, by introducing into the tube a longer 
wire, one end of which terminates one 10th of an inch from 
the upper one, while the other extends beyond the aperture of 
the tube. (See fig. 84.) Into this tube, standing over water, 
pass about half a cubic inch ofa mixture of hydrogen and 
oxygen gases, in the proportion of two measures of ety: for- 
mer to one of the latter. Hold the tube firmly, and pass an 
electric spark through the mixed gases, For relieving the 


“~ 
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shock which is sometimes considerable on firing, an ingenious 
contrivance of Sir H. Davy, described in the Philosophical 
Magazine, xxxi. 8, may be employed; or the one proposed 
by Dr. Ure, in the 12th yol. of Annals of Philosophy, p. 381. 
The first effect of the combustion is a sudden and considerable 
enlargement of volume, which, from some experiments of Sir 
H. Davy (on Flame, p. 90) probably amounts to 15 times the 
original bulk of the mixture. After this the gases, if pure, and 
in the proper proportion, will be found to have disappeared 
entirely. 

It has been asserted by Grotthus, that a mixture of two 
measures of hydrogen gas with one of oxygen, cannot be in- 
flamed by the electric spark, when expanded to 16 times its 
volume by diminished pressure; nor, when dilated by heat 
to only six times its volume. In the latter case, even a lighted 
taper, he asserts, does not kindle the mixture; but water is 
formed silently by a continued succession of electric sparks.* 

Oxygen and hydrogen gases, in the proportions to form wa- 
ter, it isadmitted by Sir H. Davy, will not explode by the elec- 
tric spark when mechanically rarefied 18 times; but when the 
tube containing the expanded gases was artificially heated so as 
nearly to soften, and the electric spark then passed, a feeble 
flash of light was visible, which is not consistent with the last 
mentioned experiments of Grotthus, Sir H. Davy found, also, 
that dilatation by heat, instead of diminishing the explosiveness 
of a mixture of hydrogen and oxygen gases in the proportions 
that saturate each other, on the contrary enabled them to ex- 
plode at lower temperatures. ‘Thus a mixture of two vo- 
lumes of hydrogen and one of oxygen, being expanded by a 
spirit lamp to 21 volumes, instantly exploded when the upper 
part of the tube containing it was made red hot by another 


spirit lamp. He even found that a heat much below redness 


(somewhere between the boiling point of mercury, and the 
greatest heat that can be given short of rendering glass 
luminous in the dark) occasions a mixture of hydrogen 
and oxygen gases to unite without violence or evolution of 
light; but that if, toa mixture so circumstanced, a red heat 
be suddenly applied, an explosion always takes place. (On 
Flame, p. 68.) | 
* g2 Ann. de Chimie, 37. 
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A glowing coal, if red in day light, and free from ashes, 
uniformly explodes a mixture of hydrogen and oxygen gases ; 
but if its redness is barely visible in the shade, it will not 
explode them, but will cause their slow combination. ‘This is 
not owing to rarefaction ; for if an iron wire heated to white- 
ness’be placed upon the coal within the vessel, the mixture 
instantly detonates. 

It is rarely that oxygen and hydrogen gases can be used in 
such a state of purity as to leave aisoliitly no residuum. ‘To 
determine, indeed, the purity either of the oxygen or hydro- 
gen gas employed, it is sometimes necessary so to adjust their 
proportions, that the whole mixture may not be condensed 
by firing. If, for example, we wish to know the purity of a 
quantity of oxygen gas, we are to use about three times its 
bulk of hydrogen. Let us suppose that 100 measures of oxy- 
gen are detonated with 300 of hydrogen gas, and that the 
total 400 is reduced by firing to 130; the diminution of vo- 
lume will be 270. This number, divided by three, gives 90 
for the quantity of oxygen; that is, the oxygen gas employed 
must have contained 10 per cent. of nitrogen, or of some fo- 
relon gas not condensible by hydrogen : | 

If atmospherical air be employed, a diminution, though not 
equal in amount, will be produced by the union of the hydro- 
gen with the oxygen gas contained in the air; and if a suffi- 
cient quantity of hydrogen gas be employed, the whole of 
the atmospheric oxygen will thus be removed. On this princi- 
ple is founded the EKupromerer or Voxta, which may be 
constructed by graduating either of the tubes already de- 
scribed into equal parts.* If, in one of these tubes, we mix 
300 parts of common air, and 200 of pure hydrogen gas, 
there will remain, after the explosion excited by passing an 
electric spark between the two wires, about 305 measures. 
‘There will, therefore, have been a diminution of 195 measures, 
of which pretty exactly one 3d may be estimated to be pure 
oxygen. In this instance, therefore, 65 of oxygen -have been 
lost by 800 of air, or 21 and a fraction per cent. 


* A Volta’s Eudiometer, invented by Gay Lussac, is described in An. 
de Chim. et Phys, iy. 188. See also Dr. Hare, in Silliman’s American 
Journal, ii. 312. 
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The general rule for ascertaining the purity of atmospheric 
air by hydrogen gas, may be stated as follows: Add to three 
measures of the air under examination, two measures of pure 
hydrogen gas; inflame the mixture by electricity; observe 
the diminution when the vessel has cooled; and, dividing its 
amount by three, we obtain pretty nearly the Rupnlaty. of oxy- 
gen gas which has been condensed. 

In the reverse pr ocess, i.e. in determining the purity of hy- 
drogen gas, we mix it with more oxygen gas than is required 
for saturation. Suppose that to 100 of hydrogen gas we add 
100 of oxygen, and that 80 measures remain after detonation. 
The diminution will have been 120 measures; and of these, 
two 3ds or 80 measures are hydrogen. Hence the inflam- 
mable gas under examination, must contain 20 per cent. of 
some other gas, which is most probably nitrogen. In this 
way we determine the proportions of hydrogen and nitrogen 
in any mixture composed of those two gases only. 

(f) The diminution of hydrogen and oxygen gases, by the 
union of their bases, may be shown also by their slow com- 
bustion. Jill a tall jar with oxygen gas, and fill also, with 
hydrogen gas, a bladder furnished with a stop-cock, and with 
a long brass pipe bent like the letter S, and drawn out to a 
fine point (plate iv. fig. 41.) On pressing the bladder, a 
stream of gas will issue from the pipe, which may be set on 
fire, and brought cautiously under the tall inverted jar of 
oxygen gas. By this contrivance, the stream of hydrogen gas 
will be burnt in aconfined portion of oxygen gas; and, on 
continuing the combustion a sufficient length of time, the wa- 
ter will be seen to rise gradually within the jar. On the first 
impression of the heat, indeed, a quantity of.gas will escape 
from the jar, which will render it difficult to ascertain what 
degree of absorption has actually taken place. But this loss 
may be prevented, by using a jar. with a neck at the top, to 
which a compressed bladder is firmly tied. ‘The expanded 
air, instead of escaping through the water, will now fill the 
bladder at the top; and, when the experiment has closed, and 
the vessels have cooled, it may be ascertained, by pressing out 
the gas from the bladder, what quantity of oxygen gas has 
been consumed. 

The same experiment may be more accurately and ele- 
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gantly made with the assistance of an apparatus which I 
have described in the Philosophical Transactions for 1808. 
The description cannot be understood without the plate, 
which is there given, and which has been copied into the 
Philosophical Magazine, xxxii. and Nicholson’s Journal, xxi. 
The fact may, also, be shown by substituting, for the bladder 
(e, fig. 41), a small gazometer, containing a measured quan- 
tity of hydrogen gas. Let the bent pipe be screwed on the 
cock of the gazometer; and over its open end, placed perpen- 
dicularly, invert a jar of oxygen gas. This jar must be pro- 
vided at the top with a metallic ‘condidtor: screwed into a 
brass cap, as represented in fig. 41; which shows also the 
level of the water within the jar, attained by means ofa sy- 
phon. After noting the height of the water within, let a rapid 
succession of electric sparks be passed between the two con- 
ductors; and, on opening the cock at this instant, the stream 
of oxygen gas will be inflamed. The end of the pipe must 
then be so far depressed, that the cement of the brass cap 
may not be melted by the flame; and the outer surface of the 
top of the vessel should be kept cool. When the gas is first 
lighted, the oxygen gas will be suddenly expanded; but, pre- 
sently a rapid diminution will go on, till the water rises above 
the end of the pipe, and extinguishes the flame. If pure oxy- 
gen gas be employed, it will be found, after the experiment, 
viii debs in its quality, and will support the combustion of 
burning bodies as well as before. 

When the above experiment is made with the substitution 
of common air for oxygen gas, a diminution takes place, but 
much less considerable, viz. not amounting to one 6th of the 
original bulk of the gas. a 

(g) When a stream of hydrogen gas is burned under a tube 
18 or 24 inches long, a musical sate is produced. ‘The ex- 
periment may be tithe 4 in the following manner : 

Into a glass bottle are put iron filings and sulphuric acid, 
diluted with five or six parts of water; and a cork is fitted 
into the neck, through which a glass tube is passed, having its 
upper extremity drawn out to acapillary bore. By setting 
fire to the hydrogen gas,* which escapes from this extremity, 


* The gas must not be inflamed till it has been produced for somé time, 
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a continued current or jet of flame is produced, which is al- 
lowed to pass into a tube either of glass, earthen ware, or 
metal. Ifthe tube be not too large, the flame becomes smaller 
as it is depressed; and when the tube covers the flame to a 
considerable depth, very clear sounds are produced. But, on 
the contrary, if the tube be too narrow, the flame will be ex-~ 
tinguished; and, in proportion as the tube is enlarged, the 
sound diminishes: so that there is a certain limit at which it 
totally ceases. ‘The same happens when the tube is too long. 
The sounds may be raised at pleasure, by either using tubes 
of various figures or dimensions, or made of different sub- 
stances.* 

(h) It has been discovered by M. Biot that a mixture of 
hydrogen and oxygen gases may be made to explode by me- 
chanical compression. A mixture of these two gases was in- 
troduced into a strong metallic syringe, furnished with a glass 
bottom, and a sudden stroke given to the piston. An ex- 
tremely brilliant light appeared, accompanied with a loud de- 
tonation ; and the glass bottom was forcibly driven out. The 
repetition of this experiment, it is obvious, must be attended 
with some difficulty and danger.t The heat given out by the 
sudden compression of the gases is probably the cause of the 
combustion which is excited. 

‘The combustion of hydrogen and oxygen gases was many 
years ago successfully applied by Dr. Hare of Philadelphia to 
the purpose of exciting an intense heat by the blow-pipe. 
‘The peculiar construction of the apparatus cannot be under- 
stood without a plate, which may be seen in the Azmnales de 
Chimie, tom. xlv. or in the 14th volume of the Philosophical 
Magazine. It may be sufficient here to state, that the gases 
are contained each in a separate gasholder; that they are ex- 
pelled by the pressure of a column of water obtained by 
lengthening the pipe 0, fig. 36; and that their mixture does 
not take place till they nearly reach the aperture of the pipe, 
at the extremity of which they are inflamed. ‘This last pre- 


and has expelled all the common air of the bottle ; otherwise an explosion 
will happen, and the bottle will be burst, with some danger to the operator. 
* See Nicholson’s Journal, 8vo. i. 129, and iv. 23. 
+ See Nicholson’s Journal, xii. 212. 
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caution is of considerable importance, because a violent and 
dangerous explosion would otherwise happen. To guard the 
more effectually against this accident, it is advisable to affix a 
valve, opening outwards, in the pipe proceeding from each 
gasholder, just before the junction of the two. 

The power of hydrogen and oxygen gases to preduce an 
intense degree of heat, has been much increased, in con- 
sequence of a suggestion of Mr. Newman to Professor 
Clarke of Cambridge, that the gases should be previously 
mixed, then condensed into a metallic reservoir, and made to 
pass through a capillary tube before being set on fire.* (See 
plate x, fig. 4, 5, 6, and the Description of the Plates at the 
end of vol. ii.) The temperature thus produced was found 
adequate to the instantaneous fusion of the most refractory 
substances. Platinum, for instance, was not only immediately 
melted, but set on fire and consumed like iron wire in oxygen 
gas, with vivid scintillation. Considerable danger, however, 
arises to the operator, from the liability of the condensed 
gases to.explode and burst the apparatus. Several expedients 
have been tried for the purpose of obviating this risk, the 
most effectual of which, suggested by Professor Cumming, 
consists in interposing, between the flame and the main re- 
servoir of gases, a cylinder containing a little water or oil, 
through which, by means of a valve at the bottom, the gas is 
allowed to pass.} All, therefore, that can happen is the ex- 
plosion of the mixed gases between the inflamed jet and the 
surface of the oil or water, where the quantity is not sufficient 
to occasion any serious mischief. ‘The more effectually to 
guard against danger, Dr. Clarke has since, on the suggestion 
of Dr. Wollaston, interposed a fagot of capillary tubes of the 
smallest possible diameter, between the stop-cock and the 
‘orifice of the pipe at which the gases are inflamed.t Addi- 

* Journal of Science, &c. ii. 104. 

+ Journal of Science, &c. ii. 379, where a plate of the improved appa- 
ratus 1s given. 

t Thomson’s Annals, ix. 327. Other improvements are suggested in the 
Journ. of Science, iii. 876; Edin. Journal, ii. 187; and Ann. of Philos. 
N.5S.i.428. The fullest information respecting the construction and use 
ofthis instrument may be found in Dr. Clarke’s book on the Gas Blow- 


pipe, 8vo. London, 1819. 
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tional safety may, also, be given to the apparatus. by inter- 
posing, between the operator and the reservoir, a strong screen, 
through which the piston rod of the syringe may be worked 
horizontally, and the flame may thus be kept up for a length 
of time proportionate to the size of the reservoir, from which 
the mixed gases are drawn.* | This modification of the in- 
strument renders it applicable to some of the arts, in which 
not only an intense but a long continued heat is required. 

4. Hydiogen gas, though inflammable itself, extinguishes 
burning bodies.—Bring an inverted jar, filled with this gas, 
over the flame of a candle; and suddenly depress the jar, so 
that the lighted wick may be wholly surrounded by the | Be 
The ee will be immediately extinguished. 

5. It is fatal to animais.—This may be shown by raBiinn 
in the gas, a mouse or other small animal. It may, indeed, 
be breathed for some time, without inconvenience, when 
the lungs at the outset are filled with common air; but if a 
forcible expiration be made, before drawing in the hydrogen 
gas, only two or three inspirations of the latter can be made, 
and even these produce great feebleness and oppression about 
the chest. It has been found, also, to change the tone of the 
voice. This effect is observed, on the person speaking imme- 
diately after ceasing to breathe it; but it soon goes off. 
(Journ. of Science, ix. 182.) 

6. It is considerably lighter than atmospherical air, and in- 
deed is the lightest of all elastic fluids.—The earlier attempts 
to ascertain its specific gravity appear to have given too large 
numbers, probably on account of the impurity of the gas sub- 
- mitted to experiment. Kirwan made 100 cubic inches (ther 
mometer 60°, barometer 30) to weigh 2.613 grains; Lavoisier 
2.372; and Fourcroy, Vauquelin, and Seguin, 2.75. Even 
MM. Biot and Aravo found the same quantity to weigh 2.23, 
which would make the specific gravity of the gas 0.07321. Dr. 
Thomson, by recent experiments (Ann. Phil. xvi. 168), re- 
duces it to 0.06940, which is precisely the number deduced by 
Dr. Prout from the composition and specific gravity of am- 


* Thomson’s Annals, x. 373. Other improvements of the apparatus 
are described in the same work, x. 366. 
VOL. I, R 
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monia. It does not appear, however, that Dr. Thomson ope- 
rated on the gas artificially dried, and the aqueous vapour dif- 
fused through his gas would a little increase its specific gravity. 
Berzelius and Dulong, having taken the precaution to dry 
their hydrogen gas, found its specific gravity to be only 
0.0688, from whence, taking 100 cubic inches of atmospheric 
air at 31 grains, we find 100 cubic inches of dry hydrogen 
gas, at a mean of the barometer and thermometer, to weigh 
2.13 grains. (Ann. de Chim. et Phys. xv. 393.) 

(a) Let a jar filled with this gas stand, for a few seconds, 
with its open mouth upwards. On letting down a candle, the 
gas will be found to have escaped. 

(4) Place another jar of the gas inverted, or with its mouth 
downwards. The gas will now be found to remain a short 
time in the jar, being prevented from escaping upwards by 
the bottom and sides of the vessel. 

(c) Fill, with hydrogen gas, a bladder furnished with a 
stop-cock ; and adapt to this a common tobacco pipe. Dip 
the bowl of the pipe into a lather of soap, and, turning the 
cock, blow up the lather into bubbles. These bubbles, in- 
stead of falling to the ground, like those commonly blown by 
children, will rise rapidly into the air. On this property of 
hydrogen gas, is founded its application to the raising of bal- 
loons. 

(d) The experiment may be varied by filling the bladder 
with a mixture of two parts of hydrogen gas, and one of oxy- 
gen gas. Bubbles, blown with this mixture, take fire on the 
approach of a lighted candle, and detonate with a loud re- 
port. It is proper, however, not to set them on fire, till they 
are completely detached from the bowl of the pipe; otherwise 
the contents of the bladder will be exploded, with consider- 
able danger to the operator. 

In this place a property of hydrogen gas may be described, 
which it possesses in common with all other sériform bodies, 
viz. a tendency to diffusion through any other elastic fluid, 
with which it may be brought into contact. Common or in- 
elastic fluids are capable of remaining in contact with each 
other for a long time without admixture. Thus if we half fill 
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a wine glass with’ spirit of wine tinged with any colouring in- 
gredient, and then, by means of the dropping tube, fig. 15, 
introduce under it a.quantity of water, the spirit floats on the 
water, and the two surfaces remain perfectly distinct, provided 
we carefully avoid agitation or unequal changes of tempe- 
rature... But this is not the case with elastic fluids or gases, 
which, it has been discovered by Mr. Dalton,* penetrate 
each other, and become thoroughly mixed under all circum- 
stances. The fact, with respect to hydrogen and oxygen gases, 
may be proved by a very simple apparatus. 

Provide two glass vials, each of the capacity of about an 
ounce measure, and also a tube open at both ends, 10 inches 
long and one: 20th inch bore. At each end, the tube is to be 
passed through a perforated cork, adapted to the necks of 
the vials. Fill one of the bottles with hydrogen gas, and the 
other with oxygen gas; place the latter on a table with its 
mouth upwards, and into this insert the tube secured by its 
cork. ‘Then, holding the hydrogen bottle with its mouth 
downwards, fit it upon the cork at the top of the tube. The 
two bottles, thus connected, are to be suffered to remain in 
this perpendicular position. After standing two or three 
hours, separate the vials, and apply a lighted taper to their 
mouths, when it will almost certainly occasion an explosion 
in both. The hydrogen gas, though sixteen times lighter 
than the oxygen, must, therefore, have descended through 
the tube from the upper into the lower vial; andthe oxygen 
gas, contrary to what might have been expected from. its 
ereater weight, must. have ascended through the tube,. and 
displaced the lighter hydrogen. | 

Experiments of this kind, it has been shown by Mr. Dalton, 
may be extended to all the other gases; but to prove the 
effect, tests of a different kind are necessary, which require 
-a previous knowledge of the properties of these gases. ‘They 
establish the conclusion, that elastic fluids, which have ea 
sufficiently free communication with each other, tend to mu- 
tual diffusion, and.that this tendency is even sufficient to over- 
come the obstacle of specific gravity, the heavier rising into the 


* Manchester Memoirs, vol. i. new series. » hy 
R 2 
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lighter, and the reverse. It is obvious, therefore, that diffe- 
rent elastic fluids, when once thoroughly mixed, cannot se- 
parate, and arrange themselves according to their respective 
specific gravities. 


ArT. 1 Oey ydrogen TIN Oxygen.—Synthesis, or Composition, 
of Water. 


It has already been stated, that oxygen and hydrogen gases, 
when fired over water in theproper proportions, wholly disappear. 
To ascertain the nature of the product thus formed, the experi- 
ment must be repeated over mercury in a similar manner, by 
means of the detonating tube (pl. ii. fig. 28.,) or (which i is still 
better) in a very strong gue vessel, (see ane 
annexed figure) aeuiie of holding about 
halfa pint, and furnished, (besides the pro- 
per contrivance at the top, for taking an 
electric spark in it,) with a brass cap and 
cock, by means of which it can be screwed 
to the transfer plate of an air pump. When 
exhausted, it may be filled with a mixture of 
oxygen and hydrogen gases, in the propor- 
tion of one measure of the former to two of 
the latter, and an electric spark may be 
passed through the mixture. After the ex- 
plosion, when time has been given to the ° 
vessel to cool, a sensible quantity of mois- 
ture will have condensed on the inner sur- 
face of the vessel, and by repeating the 
operation frequently, a sufficient quantity of 
fluid may be collected to show that water is the only product. 
The water, produced in this mode, is not, however, to be consi- 

dered as a compound of the two gases, but only of their bases ; 
for the light and caloric, which constituted the gases, escape, in 
considerable part, during the combustion. Every gas, it must 
be remembered, has at least twoingredients; the one, gravitating 
matter, which, if separate, would probably exist in a solid or 
liquid form; the other, an extremely subtile fluid, termed ca- 
loric. In the example before us, caloric (and perhaps elec- 
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tricity and light) isa common ingredient both of hydrogen and 
oxygen gases; but the two gases differ in having different 
bases. The basis of the one is called hydrogen, of the other 
oxygen; and water may, therefore, be affirmed to be a com- 
pound, not of hydrogen and oxygen gases, but of hydrogen 
and oxygen. Its composition may be proved in two modes; 
by synthesis, 7. e. by joining together its two elementary in- 
gredients; and by analysis, in other words, by separating its 
constituent parts, and again exhibiting them in a distinct. 
form. ver 

I. Fill, with hydrogen gas, a bladder, furnished with a 
stop-cock and bent pipe (fig. 41, ¢). Then pour into a shallow 
earthen dish as much quicksilver as will about half fill it, and 
invert over this a glass bell, full of common air and perfectly 
dry. Expel the hydrogen gas through the pipe; light the 
stream, aid bring it under the glass bell, by raising this, and 
depressing it into the mercury, as soon as the inflamed gas is. 
introduced. A portion of air will escape, at. first, in conse- 
quence of the rarefaction. As the combustion continues, water 
will form, and will condense on the sides of the glass. This 
water is produced by the union of hydrogen with the oxygen 
contained in atmospheric air. 

II. Those persons who are not possessed of a sufficient 
quantity of quicksilver to make the above experiment, may 
substitute the following: procure a large 
glass globe, capable of holding three or 
four quarts, and having two openings, 
one of which may resemble the pipe ofa 
quilled receiver. In order to increase 
the condensing surface, the latter may 
be covered by a cylinder of thin glass 
closed atone end. Inflame a stream of 
hydrogen gas, proceeding from a blad- 
der (see the figure) and introduce it into 
the cavity of the globe. The rarefied 
and vitiated air will ascend through the 
aperture of the globe, and a constant 
supply of fresh air will be furnished from 
beneath. By this combustion, a quan- 
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tity of water will be generated, which will be condensed-on 
the inner surface of the vessel. 

III. A simple and ingenious apparatus, less costly than any 
other adapted to the purpose of exhibiting the composition of 
water, was invented by the late Mr.Cuthbertson. It is de- 
scribed and figured in Nicholson’s Journal, 4to. ii..235.; or in 
the Philosophical Magazine, ii. 3175 * and also in plate iv. of 
this work, figs. 33 and 34. | 

In using this apparatus, however, instead of two glass re- 
ceivers for the oxygen and hydrogen gases, standing inverted 
in a trouch-of water, I-employ a couple of gazometers; and 
with this alteration, the experiment is more easily managed, 
as well as morestriking. ‘The apparatus, thus modified, con- 
sists of a large glass receiver or bottle a (pl. iv. fig. 34%), ‘with 
an opening at the bottom, into which is cemented:a piece of 
brass, perforated with two holes. ‘This brass piece is repre- 
sented of a larger size in fig. 33; the aperture a conveying the 

_oxygen gas, and J the hydrogen. Before commencing the 
experiment, the-cock e, fig. 34, is screwed, by means of a 
collar-joint,+ to the cock bof the gazometer, fig. 35, contain~ 
ing oxygen gas; and to the cock d, by thé same means, is 
affixed another gazometer, filled with hydrogen gas. 

When it is intended to ascertain, accurately, the propor- 
tions of gases consumed and of water generated, the receiver 
a, previously weighed, is first exhausted by an air-pump, with 
which it may be connected by the female screw at c. The 
quantity of common air left inthe receiver may be determined, 
by enclosing a guage within it: or after exhausting ‘the *re- 
ceiver, oxygen gas may be admitted; its contents pumped 
out a.second time; and-again renewed by fresh oxygen from 
the gazometer, the quantity of which may be measured 
by the graduated scale. ‘The receiver being thus filled -with 


ye 


nf 
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* In the same volume of the Philosophical Magazine, an interesting 
‘account may be consulted of the,principal experiments on the composition 
of water, accompanied by neat and perspicuous engravings of the apparatus 
employed in them, 

t See pl. v. fig. 47; and‘the corresponding description of ‘the structure 
of this joint, in the explanation of the: plates at thevend:of the work. 
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oxygen gas, and accurately closed by a cock at c, a succession 
of sparks is to be passed, from the prime conductor of an 
electrical machine, between the platina knob of the bent wire 
within the receiver, and the point of the brass cone. While 
the sparks are transmitted, the cock d is to be opened. A 
stream of hydrogen gas will immediately issue from the aper- 
ture at the point of the cone, and will be inflamed by the elec- 
tric spark, as represented fig. 33. The cock e is now to be 
opened, and the size of the flame of hydrogen gas regulated 
by partly shutting the cock d. As the volume of hydrogen 
gas consumed is double that of the oxygen; and the pipe, 
which transmits it, is of less diameter than that conveying the 
latter, about twice the pressure is required to expel the hydro- 
gen. This is given, by lessening, in that proportion, the 
weight of the counterpoises (ee, fig. 35) of the gazometer con= 
taining hydrogen. 
Pasion teas combustion, rik moveable vessel c, fig. 35, of 
each gazometer descends; and,. by observing the gratluated 
scales, it will be seen that the hydrogen vessel falls twice as 
much as that which holds the oxygen gas. It is necessary to 
keep the receiver a cool by means of wet cloths; and, when 
this is done, the water, which is produced, will condense into 
drops on the inside of the receiver, and collect at the bottom. 
At the conclusion of the experiment, the receiver is to be again 
weighed, and the increase noted. ‘The quantity of gases con- 
sumed is to be observed, and their actual weight computed, 
by means of the table given in the Appendix. It will be found, 
that the weight of water produced is very nearly equal to that 
of the two gases expended: that is to say, for every hundred 
grains of water generated in the receiver, 88.3 grains of 
oxygen gis, and 11.7 grains of hydrogen gas ( (equal by mea- 
sure to about 250 cubic inches of the former, and 500 of the 
latter), will have disappeared from the gazometers. 


eet 


Of the Proportion of the Elements of Water. 


The precise determination of the proportions of oxygen and 
hydrogen in water, is asproblem of great importance, not only 
on account of the fact itself, but of its influence on the general 
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theory of chemistry. The results of almost all the earliest ex~ 
periments tended to prove, that water is a compound of 85 
varts by weight of oxygen, and 15 of hydrogen. ‘These num- 
bers were afterwards corrected by Fourcroy and his assgciates 
to 85.7 of oxygen, and 14.3 of hydrogen; and in 1805 it was 
- shown by Humboldt and Gay Lussac, that the quantity of 
aqueous vapour, which gases always contain, being subtracted, 
it is a nearer approximation to truth to state the proportions at 
87.4 and 12.6. It is admitted, on all hands, that water is 
formed by the union of two volumes of hydrogen gas, and one 
volume of oxygen gas. The greatest deviation from those 
numbers that has ever been contended for, is that 100 measures 
of oxygen gas combine with 197 measures of hydrogen. A dif- 
ference, Hewevers so difficult to ascertain, on account of its. 
minuteness, may be neglected; and it may be safely assumed, 

that the general statement of one volume of oxygen to two of 
bdtbaia is correct. 

In determining the proportion of the elements of water, 
every thing will depend, therefore, on the precision with 
which the specific ¢ gravities of oxygen and hydrogen gases are 
ascertained. Taking the results of Biot and Arago (viz. 
1.10359 for oxygen gas, and 0.07321 for hydrogen gas), the 
proportion of the elements of water should be as 1.10359 to 
0.14642 ; and 100 grains shouid be composed of 


OR POeI s,s tews ware « esevee eeecevene 88.286 
OU. sca Ss yials wre tote es Oe rae 
100. 
These proportions scarcely differ from those formerly de- 
termined by Berzelius (81 An. Ch. 25), viz. . 


Oxygen... .88.246....750.77..++100 
Hydrogen. .11.754....100. ..., 13.33 


100. 850.77 113.33 
3 . : 

The most recent experiments, however, on the specific gra- 
vities of oxygen and hydrogen gases, lead to an alteration in 
the statement of the composition of water, as determined by 
its synthesis. According to the results of Dr. Thomson, 


SECT. I. HYDROGEN. 249 


oxygen gas is precisely 16 times heavier than hydrogen gas, 
and according to Berzelius and Dulong a little more than 16 
times; but if we take 16 to 1 as the nearest approximation, it 
will follow, since water consists of two volumes of hydrogen 
and one of oxygen, that eight parts by weight of oxygen and 
one of hydrogen constitute water, or, according to the last 
mentioned chemists it consists of | 

WIS VRC Tio eee pare gees ce GOD 

FIVUROIGI Tes eie eats viele es es Lied 

100. 

And if water be constituted of one atom of oxygen united 
with one atom of hydrogen, the atom of oxygen will be re- 
presented by 8, and that of hydrogen by 1; or, representing 
oxygen by 10, hydrogen will be denoted by 1.250. It must 
be allowed, however, to be possible, though it is a much less 
probable view of the subject, that water may be a compound 
of two atoms of hydrogen with one of oxygen, which would 
double the weight of the atom of oxygen, and make it 16. But 
it admits of patti proved to be consistent with mechanical 
principles, that the most energetic combination of any two 
elements is that in which they are united particle to particle. 
Until, therefore, the contrary can -be established, we may 
assume, with Mr. Dalton, that water is a binary compound 
of 1 atom of oxygen, and 1 atom of hydrogen: and, adding 
the weights of these atoms together (8 + 1), an atom of water 
will weigh 9. The same proportions, expressed by different 
numbers, as proposed by Dr. Wollaston, will make the rela- 
tive weight of an atom of water 10 + 1.250 = 11.250; the 
only difference in this way of stating the fact, being, that oxygen, 
instead of hydrogen, is made the decimal unit. 

- Bythe combustion of hydrogen gas, either in oxygen gas or in 
atmospheric air, a large quantity of heat is evolved, the source 
of which, as well as of the light which is also extricated, is 
probably to be traced both to the oxygen gas and to the com~ 
bustible body. Several.attempts have been made to measure 
the caloric thus set at liberty. Lavoisier, with the aid of his 
calorimeter, obtained results which led him to assign 295+ Ibs. 
of ice as the quantity melted by the combustion of a pound of 
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hydrogen gas. Dr. Crawford, by a different process, made it 
480 lbs.; and Mr. Dalton, from experiments on the rise of 
temperature produced in a known quantity of water by burn- 
ing a given volume of hydrogen, calculates the ice melted by 
the.combustion of a pound ef hydrogen to be 320 lbs. The 
wide difference between these several numbers shows the ne- 
cessity of fresh experiments on the subject. 


_ Analysis, or Decomposition, of Water. 


The analytic experiments on water are of two kinds: 
Ist, Such as present us with one of its ingredients only, in 
a separate and distinct form: 2dly, Such as present us with 
its two component principles, hydrogen and oxygen, mixed 
together in the state of gas. 

I. Of the first kind are the following :, 

1. Procure a gun-barrel, the breech of which has been 
removed, so as to form atube open at eachend. Fill this 
with iron wire, coiled up in a spiral form. To one end of 
the barrel adapt a small glass retort, partly filled with water, 
and tothe other a bent glass tube, the open end of which 
terminates under the shelf of the pneumatic cistern. Let 
the barrel be placed horizontally (or rather with that end, to 
which the retort is fixed, a little elevated) in a furnace, which 
has two openings in its body opposite to each other. (Pl. iv. 
fig. 40.) Light a fire in the furnace; and, when the gun- 
barrel has become red-hot, apply a lamp under the retort. 
The steam. of the water will pass over the red-hot iron, and 
will be decomposed. Its oxygen will unite with the iron; and 
its hydrogen will be obtained in the form of a gas. This is 
the readiest and cheapest mode of procuring hydrogen gas, 
when wanted in considerable quantity. 

2. The same experiment may be repeated; substituting an 
earthen tube for a gun-barrel, and weighing the iron wire 
accurately, both before and .after the experiment. The iron 
will have gained weight very considerably; and, if attention 
be paid to the weight of the water that escapes decomposition, 
by an addition to the apparatus (fig. 40, e), and to the weight 
of the hydrogen gas obtained, it will be found, that the 
weight gained by the iron, added to. that of the hydrogen 
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gas, will make up exactly the weicht of the water that has 
disappeared. : 

8. Water may be daebenpashes in a similar apparatus, over 
charcoal instead of iron. The products, however, are difteveite 
in this case, as will appear from a subsequent section. 

4, Another mode of effecting the decomposition of water 
yet remains to be mentioned, in which not the hydrogen, but 
the oxygen, is obtained in a gaseous state. This is by the 
action of living vegetables, Saker entire, or by means of their 
leaves only. Fill a clear glass globe with water, and put into 
it a number of green eee eat almost any tree or plant. 
A sprig or two of mint will answer the purpose perfectly well. 
Invert the glass, or place it, with its mouth downwards, in a 
vessel of water. Expose the whole apparatus to the direct 
light of the sun, which will then fall on the leaves surrounded 
by water. Bubbles of air will soon begin to form on the 
leaves, and will increase in size, till at last they rise to the 
top of the vessel. This process may be carried on as long as 
the vegetable continues healthy; and the gas, when examined, 
will prove to be oxygen gas, nearly pure. In this experi- 
ment, the hydrogen combines with the plant, to the nourish- 
ment and support of which it contributes, while the oxygen is 
set at liberty. 

II. The processes, by which the elementary parts of water 
are separated from each other, and are both obtained im ‘an 
aériform state, as a mixture of hydrogen and oxygen gases, 
are dependent on the agency of electricity. : 

1. The first of these experiments requires for its perform- 
ance the aid of a powerful electrical machine. This fact.was 
the discovery of a society of Dutch chemists; and the prin- 
cipal circumstance, in the experiment, is the transmission of 
electrical shocks, through a confined portion of water. The 
apparatus employed, in the experiment of Messrs. Dieman 
and Van Troostwyk, is.a glass tube, about one 8th of an inch 
diameter, and 12 inches long, one of the ends of which is 
sealed hermetically, a gold wire being inserted at this end, 
and projecting about an inch and a half within the tube. 
About the distance of five 8ths.of an inch from the extremity 
of this, another wire isto be fixed, which may extend to the 
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open end of the tube. The tube is next to be filled with dis- 
tilled water, and to be placed inverted in a vessel of the same. 
When thus disposed, electrical shocks are to be passed be- 
tween the two ends of the wire, through the water; and, if 
these shocks be sufficiently strong, bubbles of air will be 
formed at each explosion, and will ascend till the upper part 
of the wire is uncovered by the water. As soon as this is 
effected, the next shock that is passed will set fire to the mixed 
gases, and the water will rise again in the tube, a very small 
quantity of gas remaining. Now, as hydrogen and oxygen 
gases, in a state of admixture, are the only ones that are 
capable of being inflamed by the electric spark; and as there 
is nothing in the tube, beside water, that can afford them in 
this experiment, we may safely infer, that the evolved hydrogen 
and oxygen gases arise from decomposed water. 

2. An improved apparatus, exhibiting the same experiment, 
with less trouble to the operator, has been invented by Mr. 
Cuthbertson, and is described and figured in Dr. Pearson’s 
paper in the Philosophical Transactions for 1797, or in 
Nicholson’s Journal, vols. i. and ii. 4to. 

3. The decomposition of water by galvanic electricity is a 
process singularly adapted to demonstrate the fact in a simple 
and elegant manner, ‘The manner of conducting it, as well 
as the results, have been fully explained, in treating of the 
general principles of electro-chemical science. _ 


Properties of Water.* 


I. Water contains air—This may be shown by placing a 
glass vessel of water under the receiver of an air-pump. 
During the exhaustion of the receiver, bubbles of air will be 
seen to ascend very plentifully. Much air escapes also from 
water, during boiling, and may be collected by a proper 
apparatus. ‘The same fact may also be exhibited, by filling a 
barometer tube, about 32 inches long, sealed at one end, 
with quicksilver, except about four inches, and the remainder 
with water. On inverting the open end of the tube in quick- 


* Whenever in the course of this work water is mentioned as an agent 
in any chemical operation, pure distilled water is to be understood. 
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silver, bubbles of air will, in a short time, rise from the 
water. 

The kind of gas, extricated from the water of a spring at 
a considerable distance from the surface, I have made the sub 
ject of experiment.* From 100 cubic inches of the water, 
or about 3} wine pints, 4.76 cubic inches of gas were sepa- 
rated, of which 3.38 were carbonic acid gas, and 1.38 air of 
the same standard as that of the atmosphere. It is probable, 
however, that the proportion of gaseous contents differs in 
the water of different springs, for Mr. Dalton states the 
average of his experiments to be about 2 inches from 100 of 
water, and that the air expelled, after losing 5 or 10 per cent. 
of carbonic acid by the action of lime-water, consisted of 38 
per cent. oxygen and 62 nitrogen.+ 

Every gas is absorbed by water, which has been deprived 
of all or the greatest part of its air by long boiling. The 
quantity, however, which water is capable of absorbing, varies 
considerably with respect to the different gases. Those gases, 
of which only a small proportion is absorbed, require violent 
and long continued agitation in contact with water. The 
following table has been drawn up by Mr. Dalton from the 
combined results of his own experiments and mine. 

Water absorbs, at the mean pressure and temperature of 
the atmosphere, 


Of earbomic-acidimas fo 0se2. soc. ese) 1tsown, bulk. 
sulphureted hydrogen .....+e.s-eeeeeeseeee dO. 
Bees Dues CSTs Peis go IDNA RP 6 (2 
PGMA, Bagel sia wine dian lett ais vin 9 hg Eo ale Oe 9 eons 95 \ > 
ORV OGM DAS. oy ne ois ce ea de yas tys,te oases ep oe Bey 
Bh a eae Cee Nea olivia a's uf-d dcide daieee ve. OD» 
Garbureted: hydrogens’ 5). s/cs <f si. s <e cba ee se GO; 
CATUONIC. OXId Gey... ol sacha aliens Makget sO gre 
AZOLIC GHA gies Sele tees Gate riser eK Sb ge ws# «2 Oe 
hydrogen ns.cv anthems paseaate ees: “le AD. 


The accuracy of these results has been called in question by 


Saussure,t who, from a series of experiments of bis own, has 
MRR ea ns Sse ee ee 


* Philosophical Transactions, 1803. + New System, p. 271. 
+ Thomson’s Annals, vi. 340. 
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deduced the numbers expressed in the second column of the 
following ‘Table. : 
Gases. 100 volumes of water 100 volumes of water 
absorb (Dalton and Henry) — absorb (Saussure) 
Suiphutetedhydiopents’ 6) LOGIN, 0 ALS 
War Venice aed? VIN OS TO ee, PPR, RG 
Nrrous oxides oe. SPE Neo DARIN MOR 
Ofefiint gas. MPO eA ee NS 
Oye ee PO ie eer say rere rs ae eee 
CarBonictertthe: 282046) PRUE eS ee GS 
ROT OP II PE CAGE eee 
Fr yeito gen!) SBE POR RS ae TE RS SAA 


Absolutely pure water (net merely freed from air by boil- 
ing) according to recent experiments of Mr. Dalton, takes up 
21. per cent. of its bulk of azotic gas, and two per-cent. of hy- 
drogen. In the other gases, with the exception of carbonic 
oxide, which he had already in his System, p. 375, corrected 
to 1-27th the bulk of the water, he is disposed to abide by his 
original numbers, and to consider those of Saussure as much 
greater than the truth.* 

Il.: Water is contained in the air of the almosphere, even 
during the driest weather.—Kxpose to the air, in a shallow 
vessel, a little sub-carbonate of potash or common salt of tartar. 
In a few days it will have become moist, or deliquiated. On 
the same principle, water exposed to’ the air, in a shallow 
vessel, disappears, being dissolved by the atmosphere. Saus- 
sure states the quantity of water in a cubic foot of air, charged 
with moisture at 65° of Fahrenheit, to be 11 grains. The 
quantity of water, that may be extracted from 100 cubical 
inches of air, at 57° Fahrenheit, is 0.35 of a grain; but, ac- 
cording to Clement and Desormes, at 54° Fahrenheit, only 
0.236 of a grain can be detached by exposure to muriate of 
lime. ‘The experiments, both of these chemists and of Mr. 
Dalton, concur in proving that at the same temperature, equal 
bulksof all the different gases give up the same quantity of water 
to deliquescent salts.. The portion of humidity, which they thus 


* Thomson’s Annals, vii. 215. 9 ~ 
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abandon, has been called hygrometric water. Whether they 
contain a still farther quantity in a state of more intimate 
union, and not separable by deliquescent substances, is still 
undetermined. 

III. Several bodies absorb water from the atmosphere, 
which can scarcely be supposed to have an affinity for it, and 
again give it up, on the application of a gentle heat. Such 
are almost all substances in the state of powder; porous 
paper; soils which have been artificially dried; parched oat- 
meal; and even the filings of metals. Some powders retain 
the moisture they have absorbed, till a considerable heat is 
applied.* The nature of this combination-is not exactly un- 
derstood. . 

There are two different theories of the state, in which water 
exists in the atmosphere and in other gases. By most writers, 
it has been considered as united to air by chemical affinity ; 
and, when abstracted by other bodies, (as sulphuric acid, lime, 
and the whole class of deliquescent salts) the effect has been 
ascribed to the superior ‘affinity of those bodies for water. Mr. 
Dalton first took a different view of the subject, viz. that the 
vapour of water, mixed with air and other gases, differs in no 
respect from pure steam, and is subject to the same laws. It 
constitutes, indeed, in his opinion, a distinct and independent 
atmosphere, the elastic force of which forms, at different tem- 
peratures, different proportions of the elastic force of the 
whole; for example, at the temperatnre of 65° Fahrenheit, it 


gives to air =, of its elasticity. According to this view, a 
volume of air or gas at any temperature, saturated with mois- 
ture, contains as much steam as could exist at that temperature 
in a vacuum of equal capacity. ‘This theory appears to have 
much more probability, than that which explains the pheno- 
mena by chemical affinity; and it is supported, especially, by 
the absorption of caloric having been ascertained to be of the 
same amount in spontaneous as in forced evaporation. It 
steers clear, also, of the inconsistency attending the suppo- 
sition, that the vapour, contained in the atmosphere at ordinary 
temperatures, is in a different state from that existing in a 
* Berzelius, 79 An. Chim. 118- 
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Toricellian vacuum; and again, that water below 212° Fahr. 
is chemically combined with the atmosphere, and above 212° 
assumes a new form, and becomes a distinct elastic fluid called 
steam. It is certainly much more reasonable to suppose that 
water, whenever it exists as an elastic fluid, whether distinct 
_ from or mixed with others, is maintained as such, by one and 
the same cause, viz. the caloric which enters into it; and not 
by chemical solution in any gas or mixture of gases. 

It may -be asked, indeed, why the diffusion of vapour in the 
atmosphere is not instantaneous as it is im vacuo? ‘This ap- 
pears to be owing to the vis inertie of the particles of air, 
and the resistance is probably similar to that which a stream 
of water meets in descending through a bed of pebbles. 
The evaporation of water, we find, is accelerated either by 
raising its temperature; by increasing its. surface; or by 
causing a current of air to pass over it. In the first case, the 
force of the vapour, or its power.of overcoming obstacles, is 
increased ; and the quantity of water evaporated in a given 
time bears, as Mr. Dalton found, a proportion to the force 
of vapour of the same temperature: Thus the forces of vapour 
at 212°, 180°, 164°, 152°, 144°, and 138° are equal to 30, 15, 
10, 74, 6, and 5 inches of mercury respectively, and the 
grains of water evaporated per minute in those temperatures 
were 30, 15, 10, 7, 6, and 5 also, or numbers proportional to 
these. The evaporation from a vessel containing water at 
212° in a still atmosphere, Mr. Dalton found, was increased 
one half by a current, and a still stronger current, he thinks 
it probable, would have doubled it. In this case, the removal 
of a mechanical obstacle conspires with the force of the va- 
pour; and as steam rises only from the surface of water, it is 
obvious that increase of surface must quicken evaporation by 
augmenting the quantity of vapour of a given force. Another 
circumstance, influencing the rate of evaporation, is the force 
of the vapour actually existing in the atmosphere at the time, 
for the less this force, or in other words the less the quantity 
of vapour in the air, the more rapid is the evaporation from 
a given surface of water of a given temperature. Hence an 
increase of temperature in the air quickens evaporation by 
enabling the atmosphere to hold steam of greater force; and 
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by a current of heated air, we apply two causes conjointly: 
both of which tend to quicken evaporation. 

The method of finding the force of vapour in the atmo- 
sphere, employed by Mr. Dalton, is extremely simple and ele 
gant. A glass jar, or a common tumbler (the thinner the 
glass the better) may be filled with cold spring water fresh 
from the well. If dew be immediately formed on the outside, 
the water is poured out and allowed ‘to stand awhile to in- 
crease in heat; the glass is then well dried with a linen cloth, 
and the water poured in again. ‘This operation is continued 
till dew ceases to be formed, and then the temperature of the 
water is to be observed, and opposite to it in the Table (see 
the Appendix) will be found the force of vapour in the atmo- 
sphere. ‘This must be done either in the air or at an open 
window; because the air within is generally more humid than 
that without. Spring water in this country is commonly about 
50° Fahr., and will mostly answer the purpose during the 
three hottest months. of the year: in other seasons, artificial 
cold, produced by dissolving a little of any fit neutral salt in 
the water, is required. 

In the torrid zone, the aqueous atmosphere is equal to a 
pressure of six tenths of an inch of mercury, and increases 
even to one inch. In this climate, Mr. Dalton has observed. 
it above half an inch in summer; but in winter it is some- 
times so low as one tenth, or even half a tenth; and at the 
same place, and during the same season, it is constantly varying 
with the temperature of the air. It is easy then to see, at any 
time, what proportion it constitutes of the whole weight of the 
atmosphere by taking the dew pomt ; observing the barometer 
at the time when the experiment is made; and referring to 
Mr. Dalton’s Table of the Force of Vapour. 

Besides this method of determining the degree of moisture 
of the air by .ascertaining ‘the dew point, a variety of in- 
struments have been also contrived for the same purpose. 
They are called Hygrometers, and consist, for the most part, 
of some substance, such asa ‘human hair or a-fine slip of 
whalebone, which is elongated by a moist atmosphere, and 
shortened by adryone. The extreme points are attained by 
placing it, first in .air artificially dried, and then in air ren- 
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dered as humid as possible. The degree of expansion or con- 
traction is rendered more sensible by connecting it with an 
axis, which moves a circular index, like the finger of a clock. 
Mr. Leslie, by a slight modification of his differential ther- 
mometer, makes it serve the purpose of an hygrometer; for if 
one of the balls be covered with silk, and then moistened with 
water, the rate of evaporation will be shown by the degree of 
cold produced, as indicated by the descent of the liquid in the 
’ opposite leg of the instrument. The drier the air, the quicker 
will be the evaporation, and the greater the effect in moving 
the liquid within the instrument. 

IV. Water enters into combination with various solid bodies, 
and entirely loses its fluid form. In many instances, it unites 
in a definite -proportion ; and it is retained by so powerful 
an affinity, as not to be separated by a very high temperature. 
Such compounds are termed /hydrates, or, as Gay Lussae 
has proposed, hydroxures.* The pure alkalies, potash, and 
‘soda, retain, for example, even after fusion, about + their 
weight of water, which can only be separated by some body 
having a stronger affinity for the alkali. In all hydrates, at 
least one atom of water must be present, or it must be-contained ~ 
in them in such quantity, as to bear the proportion of 9 at least 
to the weight of the atom or atoms with which it is united. 
If, for example, the weight of the atom of potash be 48, we 
cannot have a true binary compound of water and potash, 
in which the former bears to the latter a less proportion than 
that of 9 to 48. And if, in any instance, water is obtained from 
a compound in a proportion less than that of the weight of the 
atom of water, to the weight of the atom or atoms of the body 
with which it is associated, we may take for granted that it 
is held mechanically and accidentally, and not as a true 
chemical constituent. Such appears to be the nature of the 
union of water with certain neutral salts (common salt and 
sulphate of potash for example) which contain only 1 or 2 per 
cent of their weight of water. 

V. Water dissolves a great variety of solid bodies —The sub- 
stances, on which it exerts this effect, are said to be soluble in 
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water ;, and there are various degrees of solubility. See chap. 
i. and the table in the Appendix. 

VI. During the solution of bodies in water, a change of tem- 
perature ensues.—In most instances, an absorption of caloric 
(in other words, a production of cold) is attendant on solution, 
as in the examples given in the chapter on caloric. But, in 
other cases, caloric is evolved, or heat is produced. Thus, 
common salt of tartar, during solution in water, raises the 
temperature of its solvent; and caustic potash, in a state of 
dryness, does the same still more remarkably. But carbonated 
and pure potash, when crystallized, observe the usual law, and 
absorb caloric during solution. Now as their difference, in 
the crystallized and uncrystallized state, depends chiefly on 
their containing in the former, but not in the latter, water 
chemically combined, we may infer, that the cold, produced 
during the solution of salts, is occasioned by the conversion of 
the water, which exists in these bodies, from a solid to a liquid 
form. Some doubt, it must be acknowledged, is thrown on 
this conclusion by the observation of Gay Lussac, that a 
saturated solution of nitrate of ammonia, when mixed with 
water of the same temperature, is cooled 8 or 9 degrees.* 

VII. During the solution of salts in water, a quantity of air 
as disengaged.—'This air was partly contained mechanically in 
the salt, and partly in the water. That it does not arise 
entirely from the former source, is proved by varying the 
experiment in the following manner. Let an ounce or two 
of sulphate of soda be put into a vial, and on this let as 
much water be poured as will completely fill the bottle. 
The air contained in the pores of the salt will be thus 
disengaged; but only a small portion of the salt will be 
dissolved. Let the vial be shaken, and the whole of the salt 
will disappear; a fresh portion of air being liberated during 
its solution. 

VIII. During the solution of lodies, ithe bulk of water changes. 
—Take a glass globe, furnished with a long narrow neck 
(commonly termed a matrass, see fig. 4), and put into it an 
ounce or two of sulphate of soda.. Then, add as much water 
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as will fill the globe, and about’ three 4ths of the neck. This 
should be done with as little agitation as possible, in order 
that the salt may not dissolve, tillrequired. Mark, by tying 
a little thread, or by a scratch with a file, the line where the 
water stands; and then agitate the matrass. The salt will 
dissolve; air will be set at liberty ; and, during the solution, 
‘the water will sink considerably below its level. ‘The con- 
traction of bulk is owing to the diminution of temperature; 
and, when the water has regained its former temperature, it" 
will be found that its’ bulk is' increased by the addition of the 
salt. The late Bishop: Watson observed, that water exhibits 
a manifest augmentation of bulk, by dissolving only the two 
thousandth part of its weight of salt; a fact onitbecheatey de- 
‘cisive against that theory, which supposes: pores in water 
capable of receiving saline bodies without an augmentation of 
‘volume. 

IX. Water appears to \have “its solvent power increased, by 
diminishing the pressure*of the \atmosphere-—Into.a Florence 
‘flask, put half'a poundvof sulphate of soda; pour om it barely 
a pint of water,:and apply sheat:so'as to boil the water. The 
whole of the salt will be dissolved. Boil the solution for 
‘several minutes. pretty strongly, so as to drive out the air; 
and cork the bottle tightly, immediately on its removal from 
the fire. To prevent more.‘completely the admission of air, 
tie the‘cork over with bladder. As the vessel cools, an im- 
perfect vacuum will be formed over the solution ; for /the 
‘steam, Which arises during the ebullition, expels the air, and 
takes its place. The steam is condensed again, when: the 
vessel cools. ‘The solution, when perfectly cold, may be 
shaken without any effect ensuing, so long as the vessel is 
‘kept closely stopped ; but, on removing the cork and shaking 
the vessel, the solution will immediately congeal, and heat 
will be produced. ‘This experiment, besides the principle 
which it is peculiarly intended to illustrate, exemplifies also 
the general rule already laid down, that caloric is always 
evolved, during the transition .of bodies from a fluid to a solid 
state; and it furnishes a fact-exactly the reverse. of that:in 
which cold is produced, or caloric absorbed, during the solution 
of salts. It is proper, ‘however, to remark that the observa- 
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tions of Dr. Coxe, of Philadelphia,* have thrown some doubt 
over the cause of these phenomena, which appears: to require 
farther investigation. From his experiments, the exclusion 
of air does not seem to be absolutely necessary; for saline so- 
lutions continued fluid, if perfectly at rest, though freely ex- 
posed to the atmosphere, but immediately became solid when 
shaken.* The efficacy of mechanical disturbance in pro- 
moting saline crystallization, under circumstances where it 
has been ascribed to the renewed contact of air with the 
surface of the solution, is illustrated also by some experiments 
of Dr. Ure.+ 

X. [t is unnecessary to add any thing to what has been 
already said in a former section, respecting the combination 
of caloric with water constituting steam; or to the history of 
the phenomena attending its conversion‘into ice; except that, 
during the latter change, its bulk is enlarged in’ the propor= 
tion of nine to eight, and that, in consequence of this expan- 
sion, water, during congelation, is capable of bursting the 
strongest iron vessels, and becomes specifically lighter: 
Hence, ice swims always on the surface of the water. 

It is remarkable, that this enlargement of the bulk of water 
. begins, long before its temperature has descended to the freez- 
ing point, viz. at about 40° Fahrenheit. Let a thermometer 
bulb, and part of its tube, having a wide bore, be filled with 
water tinged with a little litmus, which may be introduced 
by the same means as those already directed for filling with 
quicksilver. Immerse the bulb in water of the temper- 
ature of 40°; and, when the included water may be supposed 
to have attained the same degree of heat, remove the instrument 
successively into water of the temperature of 36° and 32°. At 
each immersion, the water will rise in the tube. Bring its 
temperature again to 40°, and it will descend to the same 
point as before. Place it in water of 50°, and it will again be 
expanded. Precisely similar effects, therefore, appear'to result, 
in these experiments, from two apposite causes; for the bulk 
of' water is-alike increased by reducing or raising its tempera- 
ture. The point, at which water is of the greatest density, 
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was fixed by De Luc at 41° Fahr.; by Sir C. Blagden and Mr. 
Gilpin at 39°; and by Dr. Hope and Count Rumford, some- 
where between 39° and 40°. It is contended, however, by Mr. 
Dalton, that, in the apparent expansion by a lower tempera- 
ture, there is a deception, arising from the contraction of the 
glass, which must lessen the capacity of the bulb, and force the 
water up the stem. He apprehends, therefore, that the point 
of greatest density has been fixed too high by Count Rum- 
ford, Dr. Hope, and other philosophers, and that it is in 
reality 36° of Fahrenheit, or 4° above the freezing point. 
M. Biot infers also that the true maximum of density is at 


38.16 of Fahr.* 
k 


Deutoxide or Peroxide of Hydrogen. 


Only one compound of hydrogen and oxygen, namely 
water, was known until, in July 1818, M.'Thenard discovered, 
that by a process somewhat difficult and complicated, an ad- 
ditional dose of oxygen may be communicated to that fluid ; 
and a compound obtained, which is possessed of a new and 
very remarkable train of properties. 

To obtain this product, it is necessary to employ.a sub- 
stance, the nature and preparation of which will be described 
in the section on larium, viz. the peroxide of that metal. This 
compound, when acted upon by liquid hydro-chlorie (muriatic) 
acid, abandons part of its oxygen, and is reduced to the state of - 
protoxide (baryta), which unites with the muriatic acid, while 
the-oxygen unites with the water. Sulphuric acid, added to the 
compound fluid, carries down the barytes, and sets muriatic 
acid at liberty, which is ready to act upon a fresh quantity of 
the peroxide of barium. This operation may be several times 
repeated, and at each repetition the water becomes charged 
with an additional quantity of oxygen. When the process 
has been carried far enough, sulphate of silver is added, to 
precipitate the free muriatic acid, which it replaces by a quan- 
tity of free sulphuric acid; but the latter is easily separated by 
adding a due proportion of barytes. This isa general outline 
of the process, to insure the perfect success of which seems to 
require many precautions, and especially the greatest attention 
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to the purity of the peroxide of barium. Very minute in- 
structions for the preparation of this oxygenated water are 
given by its discoverer, M. Thenard; but they would occupy 
too much room here, and I refer therefore for a detail of them 
to his Memoir on the subject.* 

The peroxide of hydrogen is liquid and colourless like water. 
Xt has scarcely any smell, but when applied to the tongue 
whitens it, thickens the saliva, and produces a taste like that 
of some strong metallic solutions. It attacks the skin with 
great poche bleaches it, and occasions a smarting, the dura- 
tion of which differs in different persons, and in a same per- 
son according to the quantity applied. Its specific gravity is 
1.452, and when poured into water it descends through itlike 
syrup, though easily dissolved by agitation. Its tendency to 
the vaporous form is much less than that of water, and hence, 
when very dilute, it may be concentrated by exposing it under 
the receiver of an air-pump, along with any strongly deliques- 
cent substance. If continued long in this. situation, however, 
it at length disappears. In its most concentrated form, it has 
not been congealed by any sans of artificial cold yet applied 
to it. 

‘When once prepared, it is necessary to keep it surrounded 
by ice, for a temperature of 58° Fahr. is sufficient to decom- 
pose it, and to liberate oxygen gas in great abundance. The 
action of heat varies with its degree of concentration. Seven 
or eight grains of the sp. gr. 1.452 are sufficient to occasion a 
violent explosion ; and therefore to obtain safely the whole of 
its excess of oxygen above that constituting water, it is neces- 
sary, before applying heat, to dilute it aah about 20 parts by 
weight of water. By experiments of this kind, carefully made, 
M. Thenard ascertained that, admitting water to be composed 
of 11.71 hydrogen and 88.29 oxygen, this new compound con- 
tains exactly double that quantity of oxygen, or 11.71 bysire- 
genj dnd 176.58 oxygen, or i 
ne Hydropetisciprnus: it. wpe sb anee 1 
* Oxypeniga srciers,.tapsleee ees rear 570 6 
palf water then be a compound of one atom of hydrogen and 
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one of oxygen, the peroxide must consist of one atom of 
hydrogen and two of oxygen, and its representative number 
(hydrogen being unity) willbe 17, or oxygen being 10 it will 
be 21.250. 

Light does not exert any speedy operation on the peroxide 
of hydrogen. Of the metals, tin, iron, antimony, and tellurium, 
bring it back rapidly to the state of water. Some metals, -as 
silver, platina, gold, &c., when finely divided and added to it, 
liberate its oxygen without themselves undergoing any change, 
in away which is not easily explained. Others (arsenic, molyb- 
dena, tungsten, potassium, sodium, &c.) liberate one part of the 
oxygen and absorb the rest. Acids render it a more stable 
compound. For example, when to diluted peroxide of hydrogen, 
effervescing from the application of an increased temperature, 
we add phosphoric, sulphuric, muriatic, arsenic, acetic, tar- 
taric, citric, or oxalic acid, the discharge of gas is suspended. 
Carbonic and boracic acids do not produce this effect, on ac- 
count probably of their feeble powers as acids. Sulphurous 
and hydriodie acids, and sulphureted hydrogen, decompese 
the peroxide, and possess themselves of its oxygen. 

The following substances, when added to the concentrated 
peroxide, occasion explosions of greater or less violence ; 
oxide of silver, peroxide of lead, peroxide of manganese arti- 
ficially prepared, osmium, silver, and platina, the two last in 
the finest state of division in which they can os obtained. by 
chemical precipitation. 


Arr. 2.—Hydrogen with Chlorine. —Hydro-Chioric or Mu- 
riatic Acid. : 


Chlorine and hydrogen gases act with considerable energy 
upon each other, and wwithy, different phenomena aecatcinaly 
as the experiment is conducted. 

1. Ifa phial be entirely filled with'a mixture of hydrogen 
and chlorine gases in equal proportions, and a well ground 
stopper be introduced; no action. takes place, provided light 
is carefully and completely excluded, even by standing 
some time; but on applying a lighted taper, the gases imme- 
diately explode. 
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2. Let a jar, fig. 22. a, guarded from the light, be half filled 
with chlorine gas and half with hydrogen, and a stout vessel 
capable of holding 4 or 6 cubical inches, and provided with 
a fit contrivance for passing an electric spark through it, 
(see page 244) be first exhausted by the air-pump, and then 
screwed upon a, and filled with the mixed gases. An electric 
spark may now be passed through the mixture, when a deto- 
nation will ensue, to avoid any injury from which the vessel 
should be wrapped in several folds of cloth. If the cock, at- 
tached to the vessel, be opened under mercury in about a 
- quarter of an hour, none of that fluid will enter, proving that 
the volume of gas after the experiment is not diminished; but 
if it be removed to a vessel of water, and left there for a few 
minutes, the water will be found to have ascended and entirely 
filled the vessel. Hence a gas must have been generated by 
the combustion, which, though not absorbable by mercury, is 
condensible by water. 

3. Let a stout and well stoppered vial, capable of holding 
three or four ounce measures, be filled over water with equal 
volumes of chlorine and hydrogen gases, and a ground 
stopper introduced. Expose it to the ordinary day-light, 
guarding it from the direct rays of the sun, and in 12 or 14 
hours the colour of the chlorine will have disappeared ; and on 
withdrawing the stopper under water, the vial will be imme- 
diately filled with that fluid. 

4, If the experiment be repeated, with this difference that 
the phial is exposed to the direct rays of the sun, the combi- 
nation will take place rapidly, and a detonation will ensue, 
which will probably drive out the stopper. But if this should 
not happen, the stopper may be removed under water, which 
will ascend and completely fill the bottle as in experiment 3. 

This effect of solar light, in promoting the action of chlorine 
and hydrogen gases on each other, was discovered by Gay 
Lussac, and, without any knowledge of his experiments, about - 
the same period by Mr. Dalton. The agency of light may be 
beautifully shewn by filling a tube about half an inch diameter, 
and 12 inches long, with the mixed gases, and. alternately shad- 
ing it with an opake cover,,and exposing it to the sun’s rays. 
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The moment the tube is exposed even to the diffused light of 
day,a cloudiness will appear within it, and the water will ascend 
more or less rapidly according to the intensity of the light. 
The effect even of a passing cloud is distinctly seen in retard- 
ing the rapidity of the combination, which is very striking in 
the full solar light. Blue light, it has been observed by 
Seebeck,* is more effectual than red; but neither occasions 
the rapid union which is excited by the direct rays of the sun. 
It is probable that in this case, the combination is favoured by 
increase of temperature, for it has been observed by Sir H. 
Davy that a mixture of chlorine and hydrogen inflames at a 
much lower. temperature than one of oxygen and hydrogen 
gases, and produces a more considerable degree of heat in 
combustion. He ascertained, also, that the former mixture 
will bear a much greater rarefaction than the latter, without 
losing its explosive property. Oxygen and hydrogen gases - 
ceased to explode when rarified 18 times, but: phlniaebls and 
hydrogen were still combustible, when mechanically expanded 
to 24: times their volume. 

5. It had been supposed that the direct beams of the sun 
were necessary to explode a mixture of chlorine and hydrogen 
gases; but Professor Silliman, in the American Journal of 
Science (iii. 342) has related the accidental explosion of a mix- 
ture of the gases, in the quantity that filled a Florence oil 
flask, not only when no direct solar light fell upon it, but when 
the diffuse light of day was rendered more feeble than com- 
mon by a thick snow storm. ‘This fact is important, as fur- 
nishing a caution against mixing the two gases in considerable 
quantities. 

6. Mr. Brande found (Phil. Trans. 1820) that the intense 
light, issuing from charcoal points connected with a powerful 
galvanic battery, was as effectual as solar light in acting on hy- 
drogen and chlorine gases, and causing them to detonate; but 
_ he could not produce an analogous effect by any other terres- 
trial light. The moon’s rays, also, he found to be quite inef- 
ficient on a mixture of these two gases. 


* 34 Nicholson’s Jour. p, 220. 
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Muriatic or Hydrochloric Acid Gas. 


When one volume of hydrogen gas: has been made to com- 
bine, either silently or explosively, with one volume of chlo- 
rine, the product is two volumes of a new gas, differing essen- 
tially from either of its components, and especially in being 
instantly absorbed by water. To preserve it, therefore, in a 
gaseous state, it is necessary to confine it by quicksilver. 

As the elements of the new gas unite without condensation, 
its specific gravity will necessarily be the mean between those 
of its components, which, taking hydrogen at 0.0688, and 
chlorine at 2.500, is 1.2844, a number almost exactly agreeing 
with the experimental result of Dr. Thomson, but exceeding 
that of Biot and Arago. On this occasion, as on others, there 
is perhaps reason to believe that we are not in possession of 
the true relative weights of the gases. But admitting the re- 
lative weights of hydrogen and chlorine under equal volumes 
to be as 1 to 36, and that hydrochloric acid gas is constituted 
of an atom of each, the compound atom will be equivalent to 37. 

To obtain hydrochloric acid gas in sufficient quantity for 
the exhibition of its properties, the direct combination of 
chlorine and hydrogen gases is not an eligible process. It 
may be procured much more conveniently in the following 
manner. Let the tubulated gas bottle (plate ii. fig. 17) be 
about one-fourth, or one-third, filled with well dried muriate 
of soda (common salt) in lumps, not in powder. To this adapt 
the acid-holder, filled with concentrated sulphuric acid; and 
let the aperture of the bent pipe terminate under a jar filled 
with, and inverted in, quicksilver. Open the communication 
between the acid and the salt, by turning the cock ; and imme- 
diately on the contact of these two bodies, an immense quan- 
tity of muriatic acid gas will be disengaged. A common or 
tubulated gas bottle, or tubulated retort, will answer sufficient- 
lywell for procuring the gas. The first portions, that come 
over, may be allowed to escape under a chimney ; because they 
are contaminated by the admixture of common air present in 
the bottle. The subsequent portions may be preserved for 
use ; and the pure gas will exhibit the following qualities : 
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(a) It has a very pungent smell; and is sufficiently caustic 
to blister the skin, when applied to it for some time. 

(l) When brought into contact with common air, it occa- 
sions a white cloud. This is owing to its union with aqueous 
vapour, which is always present in the atmosphere. 

(c) It extinguishes a lighted candle. Before the flame goes 
out, the upper part of it assumes a greenish hue, the cause of 
which has not yet been explained. A white vapour also sur- 
rounds the extinguished wick, owing to the combination of 
water, produced by the combustion of the candle, with the mu- 
riatic acid gas, 

(d) It is heavier than common air. Gay Lussac states its 
specific gravity at 1.278, and: hence 100 cubic inches weigh, as 
nearly as possible, 39 grains; according to Sir H. Davy be- 
tween 39 and 40, or to Mr. Brande 38.8. Biot and Arago 
make its specific gravity, by experiment, 1.2474, or, by calcu- 
lation 1.2505. Dr. Thomson finds it, by experiment, 1.28436; 
by calculation, 1.28472. 

(e) When a succession of electrical discharges is passed 
through muriatic acid gas in contact only with glass, by means 
of an apparatus which I have described in the Phil. Trans. 
for 1812, the gas is partly resolved into its elements, and after 
taking out the undecomposed muriatic acid gas by a few drops 
of water, we find a residuum of chlorine and hydrogen gases, 
in quantity never exceeding . the bulk of the original gas. 
When the diseneaged gases rise above this proportion, they 
re-combine and form muriatic acid again. If the experiment 
be made over mercury, the presence of chlorine is rendered 
evident by its effect on the surface of that fluid. 

(f) When a mixture of oxygen and muriatic acid gases is 
either electrified, or transmitted through a red hot porcelain 
tube, the oxygen unites with the hydrogen of the acid, and the 
chlorine of the latter is set at liberty. 

(g) Muriatic acid gas effects the liquefaction of a piece of 
i¢e, almost as rapidly as it would be melted by a red-hot iron. 

(2) It is very rapidly absorbed: by water. A drop or two 
of water, admitted to a large jar full of this gas, causes the — 
whole of it’ instantly to disappear. According to Mr. Kir — 
wan, an ounce-measure troy of water absorbs 800 cubical 
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inches (7. e. 421 times its bulk) of rnuriatic acid gas; and the 
water, by this absorption, is increased about one-third its ori- 
ginal volume. Sir H. Davy (Elements, p. 252) found that at 
40° Fahr. water absorbs about 480 times its bulk of muriatic 
acid gas, and forms a solution of specific gravity 1.2109. One 
hundred grains of this acid, decomposed by nitrate of silver, 
indicated 40.8 of acid gas to have been condensed in it. Ber- 
thollet has shown that 100 grains of water absorb 12,467 
grains (= about 32 cubic inches) of muriatic acid gas, deprived 
of all redundant water by passing it through a tube surround- 
ed by a freezing mixture. By this absorption, he obtained 
an acid of the specific gravity 1061.4; and hence it follows 
that acid of this density contains, in 100 grains, only 8.55 of 
real acid. 

It is in this state of watery combination that muriatic acid 
is kept for chemical purposes, and all the processes for pre- 
paring the liquid acid have for their object the disengagement 
of muriatic acid gas, and its absorption by water. ‘This may 
be effected in the following manner. 


Process for preparing Liquid Hydrochloric or Muriatic Acid. 


Into a tubulated retort, placed in a sand-bath, put eight parts 
of dried chloride of sodium (common salt); and, to the tubulure, 
lute the bent tube (fig. 26, a,) with fat lute. To the neck of the 
retort, affix a tubulated receiver (fig. 30, b) by means of the same 
lute; and to the aperture of this adapta tube, twice bent at 
right angles, and furnished with Welter’s contrivance for pre- 
venting absorption (fig. 31, 0), the longer leg of which termi- 
nates beneath the surface of water contained in a two-necked 
bottle. From the other neck, let a second right-angled pipe 
proceed; and this may terminate in a similar manner, in a 
- second bottle containing water; the total quantity of which, 
in all the bottles, may be about five parts. . Let the junctures 
be all carefully luted; and, when they are sufficiently hardened, 
pour very gradually, through the bent tube, five and a half 
-parts by weight of strong sulphuric acid, making the addi- 

tions at several distant intervals. On-each affusion of the acid, 
a large quantity of muriatic acid gas will: be liberated, ;and 


270 OF SIMPLE ACIDIFIABLE BODIES. CHAP. VIT. 


will be‘absorbed by the water of the first bottle, till this has 
become saturated. It will then pass on to the second bottle, 
and be there condensed. The water employed may amount to 
half the weight of the salt, and may be equally distributed 
between the two bottles. These it is better to surround with 
cold water, or, still preferably, with ice or snow; because the 
condensation of the gas evolves considerable heat, which pre- 
vents the water from attaining its full impregnation. When 
the whole of the sulphuric acid has been added, and the gas 
no longer issues, let a fire be lighted in the furnace, beneath 
the sdcidlebvathy removing the bent tube a, and substituting a 
well-ground glass stopper. This will renew the production of 
gas; and the temperature must be preserved, as long as gas 
continues to be evolved. At this period it is necessary to keep 
the luting, which connects the retort and receiver, perfectly 
cool; otherwise it will be apt to melt. To this juncture, in- 
deed, I prefer the application of the clay and sand lute; but 
to apply this properly requires a little practice. ‘Towards the 
close of the process, a dark-coloured liquid is condensed in 
the first receiver, consisting of a mixture of sulphuric and mu- 
riatic acids. When nothing more comes oyer, the operation 
may be suspended, and the liquid in the two receivers must be 
preserved in bottles with ground stoppers. It consists of liquid 
muriatic or hydro-chloric acid. 

The liquid muriatic acid may also be obtained by diluting 
the sulphuric acid with the water necessary for the condensa- 
tion of the gas, and adding the dilute acid, when cold, to the 
salt in the retort. To the retort, an adopter may be united 
with the clay and sand lute; and this may terminate in a large 
tubulated receiver, from the aperture of which a right-angled 
Welter’s tube is conveyed beneath a few ounces of water, con- 
tained in a two-necked bottle. A fire must then be lighted | 
under the sand-bath, and continued as long as any liquid 
comes over. ‘The adopter and receiver must be kept cool, by 
the constant application of moistened cloths. 

The proportions, directed by the London College of Phy- 
sicians, in their Pharmacopceia of 1809, are those recom- 
mended by Vauquelin, viz. four parts of dried salt, three of 
sulphuric acid, and three of water, of which last one-third is 
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to be employed in diluting the acid, and two-thirds to be put 
into the receiver. Mr. R. Phillips had stated, that the water and 
acid are in unnecessary excess; and that the most economical 
proportions are 32 parts of salt, and 21.9 (say 22) of sulphuric 
acid of density 1.850, which may be diluted with one-third its 
weight of water, the remaining two-thirds being placed, as 
before, in the receiver.*.. He has since, however, found rea- 
son to acquiesce in the greater economy of the proportions of 
the Edinburgh Pharmacopeeia, which directs equal weights 
of common salt and sulphuric acid; for when no more sul- 
phuric acid is used than the scale.of equivalents requires, about 
one-sixth of the common salt escapes decomposition. 

If the muriatic acid, thus obtained, should contain sulphuric 
acid, which may be discovered by muriate of barytes occa- 
sioning a white precipitate, the acid is to be re-distilled 
from a fresh portion of common salt. When prepared by 
Woulfe’s apparatus, the product in the second bottle is always 
perfectly pure. 

The acid, formed by the process of the College, has the 
specific gravity only of about 1.142; that of commerce is 
generally about 1.156; but by Woulfe’ s apparatus, and espe- 
cially when the bottles are surrounded by ice or snow, it ap- 
proaches 1.500. A fluid ounce of the specific gravity 1.142 
dissolves 204 grains of marble; and the same quantity of sp. 
or. 1.174 decomposes 240 grains. The intermediate degree 
of specific gravity, however, which has been mentioned (viz. 
1.156 or thereabouts), is best adapted for keeping; for the 
denser acid emits a large quantity of fumes, which are ex- 
tremely inconvenient, besides being injurious to all metallic 
instruments. 

The caput mortuum consists of sulphate of soda with some 
undecomposed muriate of soda. ‘The former may be obtained, 
in a crystallized form, by first driving off, by a strong heat, 
the excess of sulphuric acid that adheres to it; and then dis- 
solving it in hot water. ‘The product of sulphate of soda ex- 


ceeds that of the muriate employed, in the proportion of about 
eight to five. 


* On the London Pharmacop. p. 10. 
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Liquid muriatic acid has the following properties : 

1. It emits white suffocating fumes. ‘These consist of mus 
riatic acid gas, which becomes visible by contact with the 
moisture of the air. 

2. When heated in a retort, or gas bottle, muriatic acid 
gas is disengaged, and may be collected over mercury. 

3. Liquid muriatic acid is not decomposed by the contact 
of charcoal, essential oils, or other combustible bodies. 

4, When diluted with water, an elevation of temperature is 
produced, much less remarkable, however, than that occa- 
sioned by diluting sulphuric. acid; and when the mixture has 
cooled to its former temperature, a diminution of volume is 
found to have ensued. ‘The capacity of the diluted acid for 
heat, Dr. Ure has found to be less than the »mean capacity of 
the strong acid and of water, which sufficiently accounts for 
the irvcuienced temperature.* _ 

5. Ina perfectly pure state liquid muriatic acid is quite 
colourless; but it has frequently a yellowish hue. This may 
proceed, either from a portion of chlorine, or of muriate of 
iron, but most commonly of the latter. This colour is in- 
stantly destroyed by a few drops of muriate of tin; but this 
addition, instead of diminishing, obviously increases the im- 
purity of the acid. 

6. Muriatic acid combines readily with alkalies, and with 
most of the earths, both in their pure and.-carbonated states. - 

7, Liquid muriatic acid is specifically heavier than water. 
The correspondence between its specific gravity, and the — 
quantity of real acid, which it contains, is shown by the fol- 
lowing Table, given by Sir H. Davy in his Elements of ‘Che- 
mical Philosophy. It is constructed from experiments:made 
with great care by Mr. E. Davy in the Laboratory of the 
Royal Institution. 


* Thomson’s Annals, x. 273. 
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Table showing the Quantity of real Acid in Liquid Muriatic 
Acid of different Specific Gravities. (Temp. 45° Fahr. 
Barom. 80.) 


Specific /100 Grains contain of Specific [100 Grains contain of 
Gravity. | Muriatic Acid Gas. Gravity. Muriatic Acid Gas. 


hi2bis bine wd Qies 1.10 20.20" 
1.20 4.0.80 1.09 18.18 
1.19 38.38 1.08 16.16 
1.18 - 36.36 1.07 14.14 
1.17 34.34 1.06 12.12 
1.16 32.32 105 10.10 
1.15 30.30 1.04 8.08- 
1.14 28.28 1.03 6.06 
1.13 96.26 NY: 4.04 
1.12 24.4 1.01 2.02 
rag 22.3 maa 


The proportion of dry or real muriatic acid, in liquid acid 
of different densities, has also been investigated by Dr. Ure, 
who has ascertained that acid of density 1.192 contains in 100 
parts by weight 28.3 of real muriatic acid; and has given 
some general formule for deducing the proportion of real 
acid, in liquid acid of various specific gravities.* Of these, 
the most useful is the following rule for finding the quantity 
of real acid in liquid acid of any given density. Multiply 
the decimal part of the number denoting the specific gravity 
by 147, the product will be very nearly the per centage of dry 
acid, or by 197 when we want to know the per centage of the 
acid gas. 

Examples. 1. The specific gravity being 1,141 ; required 
the proportion of dry acid in 100 parts. 

0.141 x 147 = 20.72. By the Table it is 20.66. 

2. The specific gravity being 1.960, required the quantity 
of acid gas. 

0.960 x 197 = 18.9. By the Table it is 18.8. 

The first rule shows directly the increase of weight, which 
_any alkaline or earthy base will acquire by combining with the 
liquid acid. Thus if we unite 100 grs. of liquid acid of sp. 


* Thomson’s Annals, x. 369. 
VOL. I.. T 
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gr. 1.134 with lime, the base will on evaporation to dryness 
be found to have gained 16.7 grains. 

The Table, deduced from Dr. Ure’s experiments, may be 
found in the Appendix at the end of vol. ii. As it does not 
include acid of greater specific gravity than 1.1920, if we wish 
to find the real acid in a liquid of greater density, it may be 
diluted with a known quantity of water, till brought within the 
range of the table. 

. When liquid muriatic acid is brought into contact with 
su ‘gables containing oxygen in a state of loose combina- 
tion, the hydrogen of the acid unites with the oxygen and 
forms water, while the chlorine is liberated in a gaseous state. 
It is in this way that chlorine is procured for the purposes of 
chemistry and the arts; but instead of liquid muriatic acid it 
is usual to substitute materials capable of furnishing the acid 
gas (viz. common salt, sulphuric acid, and oxide of manganese) © 
as already described in the chapter on chlorine. 


On the Theories which have prevailed respecting Chlorine and 
Muriatic Acid. 

There are few subjects, respecting which the opinions of 
chemists have undergone such frequent changes, as concern- 
ing the nature of chlorine and of muriatic acid. . The view 
originally taken by Scheele, the illustrious discoverer of the 
former substance, was, that the muriatic acid is compounded 
of a certain base and an imaginary principle called phlogiston ; 
and that by the action of certain bodies, it becomes dephlo- 
gisticated, or deprived of that supposed principle of in- 
flammability.* It was afterwards found, however, that all 
bodies, which are capable of producing this change in mu- 
riatic acid, contain oxygen, and that their proportion of oxy- 
gen is diminished by the process. It appeared, therefore, to 
be an obvious conclusion, that what takes place: in the action 
of metallic oxides on muriatic acid is simply the transference 
of oxygen from the oxide to the muriatic acid; and con- 
formably with this theory, the resulting gas received the name 
of oxygenated muriatic, or oxymuriaiic acid. Sir H. Davy was 
led, by his earlier experiments, to modify, in some degree, 


* On Manganese, § xxiii, xxiv. 
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this view of the theory of the process; and to consider the 
muriatic acid as a compound ofa certain basis with water, and 
the oxymuriatic as a compound of the same basis with oxygen. 
This modification was rendered necessary by the fact, that 
when a metallic oxide is heated in muriatic acid gas, oxymu- 
riatic acid is obtained, and water appears in a separate state. 
It was evident, therefore, that muriatic acid gas must either 
contain water ready formed; or the elements of water; or 
hydrogen, capable of composing water with the oxygen of the 
oxide. But, at a subsequent period, that distinguished 
philosopher was induced, by the experiments of Gay Lussac 
and Thenard, as well as by his own researches, to form a dif- 
ferent theory on the subject. Oxymuriatic acid he now con- 
siders as a simple or undecompounded substance; and mu- 
riatic acid as a compound of that simple substance with hy- 
drogen. ‘To convert the muriatic acid into chlorine, we have 
only, according to this view, to abstract hydrogen from the 
muriatic acid; and this, it is believed, is all that is effected by 
the action of those oxides, which ar ¢ adapted to the purpose. 
Again, to convert chlorine into muriatic acid, we have only 
to supply it with hydrogen ; and accordingly the simple mix- 
ture of one measure of each of those gases, when exposed for 
a short time to the sun’s rays, or exploded by an eleitic spark, 
affords two measures of muriatic acid gas. 

The oxymuriatic acid or chlorine (as Sir H. Davy proposes 
to call it, im-order to avoid all connection of its name with 
hypothetical views) is supposed, also, to unite at once with the 
metals, without requiring, like the sulphuric, nitric, and other 
acids, that the metals should first be in the state of oxides. In 
_ proof of this theory, it appears to be sufficiently established, 
that no oxygen can be obtained either alone, or in combina- 
tion with combustible bodies added for the purpose, from the 
compounds of chlorine and metals. ‘The analyses, however, 
of the metallic muriates, as they were formerly considered, re- 
main unimpeached by this change of theory. All that is ne- 
cessary, to transmute in idea‘a muriate into a compound of 
chlorine, is to deduct the oxygen from the metallic oxide; 
and, adding it to the muriatic acid, to consider the sum as 
chlorine. For example, muriate of soda, deprived of all 
water, consists, 

T 2 
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On the old theory, of muriatic acid ...... 


Oxygen ..13.5 
Soda composed of... SS ES ie} 54: 


100. 


On the new theory, chloride of sodium consists of 
SHMUHEED 5's sit os gi 6 sie Dag aie > Siemon meee eee 
Chlorine, A6 13.5 =. ..0002 eee ene Obed 

100. 
On the discarded theory of oxymuriatic acid, that supposed 
compound was stated to be constituted of 

WRORY LOW ice eee LOD lt eer OO es Vr kerae 

Muriatic acid ..°77.85 .... $41.5 ...100. 


oS OS woes, 


100. 441.5 129.28 

According to this view, the atom of muriatic acid, hydrogen 
being unity, and oxygen 8, would be nearly 28; and this + 8, 
(1 atom of oxygen) would give 36 for the atom of oxymuri- 
atic acid. The latter number, indeed, still represents the 
atom of chlorine, as deduced from the fact that it unites with 
an equal volume of hydrogen gas, and is 36 times specifically 
heavier than that inflammable gas. 

It is remarkable that there is hardly any fact, connected 
with the chemical history of chlorine and muriatic acid, that 
does not admit of being equally well explained upon the hy- 
pothesis that chlorine is a compound, as upon that of its being 
a simple substance. On the whole, however, the weight of 
evidence certainly appears to be very much in favour of the 
new, or rather the revived opinion of its elementary nature, 
especially since the discovery of iodine; and I have little 
scruple, therefore, in adopting it, as affording the most simple 
and satisfactory explanation of phenomena, as well as the best 
groundwork for a perspicuous arrangement of-the objects of 
chemistry. Still, however, it must be allowed, that there are 
objections against its implicit acceptation, which this is not 
the proper place for stating at length.* - I shall only observe, 


* The reader who wishes to examine fully the evidence for both opi- 
nions, is referred to the controversy between Drs. Murray and J. Davy 
in the 34th yolume of Nicholson’s Journal; to Sir H. Davy’s paper in the 
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that not the least important of these objections is, the instan- 
taneous conversion, which the theory of chlorine supposes, of 
the metallic combinations of that body, called chlorides, into 
muriates, when the former are dissolved in water, the oxygen 
of which is imagined to pass, in amoment, to the metal, while 
the hydrogen is attracted by the chlorine. In the present 
state of the inquiry, indeed, we stand in need of some fact, 
which will admit of explanation only on one of the opposed 
theories; and which shall serve the purpose of an expert 
mentum cructs. 


Art. 3.—Hydrogen with Iodine. 


The affinity of iodine for hydrogen is very strong, and it 
al)sorbs that basis from hydrogen gas, and detaches it from 
several of its combinations, affording, as the result, a distinct 
and well characterized acid. ; 

If iodine be heated in dry hydrogen gas, an expansion of 
volume takes place; an acid gas is formed, which is very ab- 
sorbable by water, and acts so much on mercury that it canno 
be preserved long over that metal. A similar gaseous compound 
is formed, by exposing iodine to sulphureted hydrogen gas. 
But the acid gas is best prepared, in quantity, by the action 
of moistened iodine and phosphorus on eacb other, the phos- 
phorus being in excess, and the mixture distilled in a retort. 
‘The gas may be received into a vessel filled with common air, 
which it expels by its superior gravity. Gay Lussac recom- 
mends, instead of a retort, a small bent tube, which, after 
putting the iodine into it, is to be inverted over mercury; the 
air, which it contains, is to be expelled by a glass rod, that 
almost fills its capacity; and the phosphorus is to be brought 
into contact with the iodine, by introducing it through the 
mercury. As soon as the contact takes place, the acid gas is 
disengaged, and may be collected by putting the open end of 
the tube under a glass jar standing inverted in mercury. 

No sooner does the gas come into contact with mercury, 
than it begins to be decomposed ; and if the contact be pro- 


Phil. Trans. for 1818, p. 169; to the 8th volume of Trans. of the Royal 
Society of Edinburgh; the Annals of Philosophy, xii. 379, and xiii. 26, 
285; and toa paper by Mr. R. Phillips, in the new series of that work, 
vol. i. p. 27, on the action of chlorides on water. 
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longed a sufficient time, or agitation be used, the decompo- 
sition is complete. The iodine unites with the mercury; and 
there remains hydrogen gas, in volume exactly one half that 
of the acid gas. It is decomposed, in a similar manner, by all 
metals, except gold and platinum. 

The acid gas 1s colourless, its taste is very sour, and its 
smell resembles that of muriatic acid gas. Its specific gravity 
was found by experiment to be 4.443; by calculation it should 
have been 4.428. Compared with hydrogen its specific gra- 
vity is 62.5 to 1. 100 cubic inches weigh 133.6 grains. 

The acid gas is rapidly decomposed by being heated in 
contact with oxygen gas, which detaches the hydrogen. 
Chlorine also instantly deprives it of hydrogen, and produces 
muriatic acid gas; and the iodine re-appears in the form of a 
beautiful violet vapour. When mixed with proto-phosphu- 
reted hydrogen, both gases are condensed into white cubical 
crystals, which are volatilized at a moderate heat without fusion 
or decomposition.* It is composed, by weight, according to 
Gay Lussac, of 100 iodine and 0.849 hydrogen; but, correct- 
ing the specific gravity of hydrogen gas to 0.0694, its true 
composition will be, by weight, | 

Fiydrogenviyy i 6 Ses Fa OD 
Iodine... sis vie si vee sie ee ceseev ee 125 


ee eee 


Weight of its atom .0...0.0..0508 126 


For this compound Sir H. Davy proposed the name of 
hydro-ionic acid, and Gay Lussac that of hydriodic acid. I 
prefer the latter, because it is easier, by varying its termina- 
tion, to express its combinations with alkaline and other 
bases. 

Hydriodic Acid Gas is plentifully absorbed by water; the 
solution is fuming, and has the density of 1.7. To prepare 
this liquid in quantity, Gay Lussac recommends to put pow- 
dered iodine into water, and to pass sulphureted hydrogen 
gas through the mixture. The hydrogen unites with the 
iodine, and the sulphur is precipitated. The liquid may be 
concentrated by evaporation. ‘Till it attains the temperature 
of 257°, water only distils; above this point, the acid itself is 


* 6 Ann. de Chim, et Phys, 308. 
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volatilized, and remains stationary at 2621°, its density being 
then 1.7. 

The liquid acid. i is slowly decomposed by contact with air, 
its hydrogen being attracted by the oxygen of the atmosphere, 
and a portion of iodine liberated, which gives the liquor a 
colour, of intensity proportionate to the quantity of free 
iodine. Concentrated sulphuric ,acid, nitric acid, and chlo- 
rine, decompose it, and separate iodine. With solutions of 
lead, it gives a fine orange precipitate ; with solution of per- 
oxide of mercury, a red one; and with silver, a white preci- 
pitate, insoluble in ammonia. 

When submitted to Galvanic electricity, the liquid hydrio- 
dic acid is rapidly decomposed; iodine appears at the positive, 
and hydrogen at the negative pole. It dissolves zinc and 
iron, with a disengagement of hydrogen gas, which proceeds 
from the water. It has no action on mercury, though the gas 
so powerfully affects that metal. It is decomposed by those 
oxides, which hold their oxygen loosely, and combines with 
the rest, forming a genus of neutral salts, called A ydriodates. 

In general, the hydriodates are readily soluble in water. 
Those of potash and barytes are not decomposed by heat, 
except oxygen is in contact with them; the salt with base of 
lime is wholly, and that with base of magnesia partially, de- 
composed at high temperatures, 


Art. 4.—Hydrogen with Fluorine —Of Hydro-fluoric acid. 


Though it has not yet been demonstrated that hydrogen is 
the acidifying principle of this acid, yet there appears every 
reason to believe that in the same manner as hydro-chloric 
acid is constituted of chlorine united with hydrogen, this acid 
also consists of a peculiar base belonging, like chlorine, to 
the electro-negative class of bodies, and rendered acid by 
combination with hydrogen. To. this basis, though not yet 
exhibited in a separate state, the name of fluorine has been 
given, and the acid has been termed hydro-fluoric. 

Hydro-fluoric acid may be obtained in a liquid state by 
distilling powdered fluor spar, (a mineral found abundantly in 
Derbyshire,) with twice its weight of strong sulphuric acid. 
A leaden rétort and receiver must be used ; to the first a mo- 
derate heat must be applied, and the receiver must be sur- 
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rounded by pounded ice or snow. An ingenious apparatus 
for this purpose is described and represented by Mr. Knight, 
in the 17th vol. of the Philosophical Magazine. 

When the liquid acid is obtained, it must be preserved in 
leaden or silver bottles with air-tight stoppers of the same me- 
terial. Its volatility, however, is such that it is difficult to 
confine it. Its specific gravity was found by Sir H. Davy 
to be 1.0609, but it is increased by the gradual additions of 
water to 1.25, a property observed in no other liquid. When 
suddenly mixed with water, it becomes very hot and enters 
into ebullition. It emits very penetrating and noxious va- 
pours, and acts strongly on glass, destroying the polish of its 
surface, and corroding it deeply. Hence it has been used 
for etching on glass. When applied to the skin it raises 
painful bneeiitey or if'in sufficient quantity occasions deep and 
dangerous ulcers. | 

When brought into contact with strata: a violent de- 
tonation ensues, and hydrogen gas is disengaged, a solid white 
substance being at the same time formed. ‘This substance is 
probably a compound of potassium and fluorine, or a fluoride 
of potassium. Common fluor spar is believed to be a fluoride 
of calcium, and the number deduced from the composition of | 
that substance, as representing the atom of fluorine, is 16, to 
which adding an atom of hydrogen, we on 17 for the 
atom of hare o-fluoric acid. 

By combination with silica, and also with boracic acid, 
hydro-fluoric acid becomes capable of forming a permanent 
gas, which property does not belong to it in a pure state. 
These compounds will be described under the respective heads 
of silica and of boracic acid. 

Charcoal does not combine with iodine. 


—= a 
SECTION II. 


Of Nitrogen or Axote. 


AFTER separating, from any quantity of atmospherical air, 
all the oxygen which it contains, there remains a gas which 
was called by Lavoisier axotic gas, a name applied to it in con- 
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sequence of its unfitness for supporting animal life: and de- 
rived from the Greek privative « and fa vita, This, however, 
as being merely a negative property, has since been deemed 
an improper foundation for its nomenclature: and the term 
NITROGEN gas has been substituted; because one of the most 
important properties of its base is, that by union with oxygen 
it composes nitric acid. By this appellation, therefore, I shall 
hereafter distinguish it. 

I. Nitrogen gas may be procured, though not absolutely 
pure, yet sufficiently so for the purpose of exhibiting its gene- 
ral properties, in any of the following manners: 1. Mix equal 
weights of iron filings and sulphur into a paste with water, 
and place the mixture, in a proper vessel, over water, sup- 
ported on a stand: then invert over it a jar full of common 
air, and allow this to stand exposed to the mixture for a day 
or two. The air contained in the jar will gradually diminish, 
as will appear from the ascent of the water within the jar, till 
at last only about four 5ths of its original bulk will remain. 
The vessel containing the iron and sulphur must next be re- 
moved, by withdrawing it through the water; and the remain- 
ing air may be made the subject of experiment. 

g. A quicker process, for procuring nitrogen gas, consists 
in filling a bottle, about one 4th, with: the solution of nitrous 
gas in liquid sulphate of iron, or with liquid sulphuret of 
lime, and agitating it with the air which fills the rest of the 
bottle. Diltide the agitation the thumb must be firmly placed 
over the ioe of ne bottle ; and, when removed, the mouth 
of the bottle must be immersed in a cup full of the same solu- 
tion, which will supply the place of the absorbed air. The 
agitation, and admission of fluid, must be renewed, alternately, 
as long as any absorption takes place. 

8. Atmospheric air, also, in which phosphorus has burned 
out, affords, when time has been allowed for the condensation 
of the phosphoric ; acid, tolerably pure nitrogen gas. 

4. Azotic gas m may be procured from the lan part of flesh 
meat (beef for example), which may be put into a gas bottle, 
along with very dilute nitric acid. By a heat of about 100°, 
the gas is disengaged, and may be collected over water. Its 
source has been satisfactorily traced to the animal substance, 
no part of it proceeding from the nitric acid. 


282 OF SIMPLE ACIDIFIABLE BODIES, CHAP, VII- 


5. It may be obtained by the action of chlorine on ammo- 
nia, in a manner which will be afterwards described in speak- 
ing of that alkali. 

II. Nitrogen gas has the following properties: 

1, It is not absorbed by water. 

2. It isa little lighter than atmospheric air, 100 cubic inches 
being found by Sir H. Davy to weigh 30.04 grains under a 
pressure of 30 inches, and at the temperature of 55° Fahren- 
heit. At 60° Fahrenheit 100 inches weigh, therefore, 29.73 
grains. According to Biot and Arago, its specific gravity is 
0:96913. Dr. Thomson makes it 0.9722; and Berzelius and. 
Dulong 0.9760. 

3. It immediately extinguishes a lighted candle, and all 
other burning substances. Even phosphorus, in a state of 
active inflammation, is instantly extinguished when immersed 
in nitrogen gas. ‘This is best shown by placing the burning 
phosphorus in a tin cup, raised by a stand over the surface of 
the water, and quickly inyerting over it a jar filled with nitro- 
gen gas, 

4. It is fatal to animals that are confined in it. 

5. When mixed with pure oxygen gas, in the proportion 
_of four parts to one of the latter, it composes a mixture re- 
sembling atmospheric air in all its properties. Of this any 
one may be satisfied, by mixing four parts of azotic gas with 
one of oxygen gas, and immersing, in the mixture, a lighted 
taper. ‘The-taper will burn as in atmospherical air, 


Composition of Nitrogen. 


That nitrogen is not an element, but itself a compound, has 
been long suspected, and various attempts have been made to 
discover its ingredients. Berzelius, from the combination of 
experiment with much theoretical reasoning, has deduced, that 
nitrogen is compounded of oxygen and an unknown base, in 
the following proportions :* 


TAC y bs BLD esos ba ‘ ; 
Oyen » 55.68 selene + 100 rete 195.5} 


100° 179.64 225.51 


* 2 Thomson’s Annals, 284, 
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This base, it must be observed, however, is purely hypo- 
thetical; and, as it has never yet been exhibited in a separate 
state, we cannot at present know any thing of its properties. 
Berzelius has proposed for it the name of mitricum. 

The experiments of Sir H. Davy,* directed to the decom- 
position of nitrogen, on the presumption of its being an oxide, 
have not been attended with any better success.. Potassium 
was ignited, by intense Voltaic electricity, in nitrogen gas ; 
and the result was, that hydrogen appeared, and some nitro- 
gen was found deficient. This, on first view, would lead to 
the suspicion that nitrogen was decomposed. But, in sub- 
sequent experiments, in proportion as the potassium was more 
free from a coating of potash, which would introduce water, 
so, in proportion, was less hydrogen evolved, and less nitroe 
gen found deficient. The general tenor of these inquiries, 
therefore, lends no strength to the opinion that nitrogen is a 
compound body. 


Arr. 1.—Nitrogen with Oxygen.—Almospheric Air. 


Tue atmosphere is a collection of elastic fluids, retained on 
the surface of the earth by their gravitation. Its weight was 
first ascertained by Galileo, and applied by Toricelli to ex- 
plain the rise of water in pumps, and of mercury in barome- 
trical tubes; and by Paschal to the mensuration of the height 
of mountains. At the level of the ocean it is adequate to 
sustain a column of water having the altitude of 35 feet, or 
one of mercury of the height of 30 inches, and it presses with 
the weight of about 15 pounds on every square inch of sur- 
face. As we ascend, the atmosphere decreases in density in 
a geometrical proportion to equal ascents. Thus at three miles 
in height, the density of the atmosphere is one half what it 
is at the earth’s surface, or equal to a column of 15 inches of 
mercury; at six miles, the barometer would stand at + the 
usual height, o or at 74 Bechess ; at nine miles of elevation, . 33. 
inches; and at. les nearly at 1 inch. Hence the greatest 
part of the atmosphere i is always within 15 or 20 len of the 
earth’s surface; though, from the refraction of the sun’s light, 


* Phil. Trans, 1810. 
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it may be inferred to extend from 40 to 45 miles in height. 
Beyond the former limit it appears highly probable, indeed, 
from the recent observations of Dr. Wollaston, (Phil. Trans. 
1822) that our atmosphere does not reach at all; the force of 
gravity downwards, upon a single particle, being there equal 
to the resistance arising from the repulsive force of the medium. 
We have no evidence, then, of the existence of similar matter 
round any other planet; and, on the contrary, it has been 
ascertained, by the observations ‘of Captain Kater, that no 
retardation of the motion of Venus can be perceived in her 
progress towards the sun, as would happen if the latter were 
encompassed by a refracting atmosphere. ‘The approach, 
also, of Jupiter’s satellites to the body of that planet is uni- 
formly regular, till they appear in actual contact, showing 
that there is not that extent of atmosphere, which Jupiter 
should attract to himself from an infinitely divisible medium 
filling all space. ‘These observations are favourable, as Dr. 
Wollaston remarks, to the existence of particles of matter 
no longer divisible, for if an elastic fluid like our atmosphere 
consist of such particles, we can scarcely doubt that all other 
bodies are similarly constituted; and may without hesitation 
conclude that those equivalent quantities, which we have 
learned to appreciate by proportionate numbers, do really ex- 
press the relative weights of elementary shirk the ultimate 
objects of chemical vesentich 

The great body of air, constituting our atmosphere, is in a state 
of constant motion, not only from its accompanying the earth in 
its rotation round its axis, but it flows also from the equator 
towards the poles, and contrariwise. Over the torrid zones, the 
air is expanded by heat, and acquires a tendency toascend, while 
the air from the temperate and frigid zones presses forward to 
supply the vacancy. Jn the torrid zones, the upper regions of 
the atmosphere meet with less lateral pressure than is necessury 
to support them, and the air, therefore, overflows in both 
directions, so that currents northward southward are 
established in the higher regions of the atmosphere. Thus a 
constant circulation is maintained, and a cause established 
for supporting a temperature on the earth’s surface, approach- 
ing much more nearly to uniformity, than it could have been 
without such a provision of nature. . 
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It has already been stated that the air of our atmosphere, 
besides small proportions of aqueous vapour and carbonic acid, 
is principally constituted of two different gases, viz. oxygen 
gas, and azotic or nitrogen gas, the former of which seems 
to be the only ingredient on which the effects of the air, as 
a chemical agent, depend. Hence combustible bodies burn 
in atmospheric air, only in consequence of the oxygen gas 
which it contains; and, when this is exhausted, air is no 
longer capable of supporting combustion.* Its analysis is 
most satisfactorily demonstrated by the action of heated mer- 
cury, as was first effected by Lavoisier in the following 
manner. 

Into a small mattrass, capable of holding from 45 to 50 cubical 
inches, pour about 1500 grains of mercury, and let its neck be 
so bent that its extremity may open into a known quantity of 
atmospheric air confined in a glass receiver over mercury. (See 
the annexed cut.) The receiver should not be more than one 


third full of air, in order to allow space for itsexpansion by heat; 
and the body of the mattrass must be surrounded by dry sand, 
contained in the sand pot of a distilling furnace. ‘The ves- 
sels being thus disposed, a fire is to be lighted in the furnace, 


and kept up for several days, so as to maintain the quicksilver 
= 
* Certain combustible bodies even cease to burn in atmospheric air, long 
before its oxygenous portion is consumed, for reasons that will hereafter be 
given. 


286 _. OF SIMPLE ACIDIFIABLE BODIES. CHAP. VII. 


nearly at the boiling point, which is thus freely exposed to 
the air in the bell as well as to that in the mattrass. At first, 
the air is rarefied by heat; but when the fire has been: sup- 
ported for two or three days, its volume begins to diminish, 
and at the end of the fifth day, when the vessels have cooled, . 
it is found that about one sixth the bulk of the original air has 
disappeared. What remains is completely altered in its pro- 
perties. It immediately extinguishes flame, and is fatal to 
any small animal that may be inclosed in it. The mercury, 
also, may be observed to have undergone a change; and 
scaly particles of a flea colour may be seen floating on its sur- 
face. wis 

When these particles are collected, and subjected to a heat 
approaching to redness, in a coated glass tube, a quantity of 
gas may be collected by a proper apparatus, the volume of 
which will be found equivalent to that which has disappeared. 
Its properties, when examined, answer to those of oxygen gas, 
which is thus decisively proved to be a constituent part of the 
_ air of our atmosphere, the other ingredient of which is shown 
to be an elastic fluid incapable either of supporting combus- 
tion or animal life. The analysis, however, effected in this 
way, is not adequate to disclose the true proportion of the 
gases constituting the atmosphere, for mercury has not a suf- 
ficiently strong attraction for oxygen to separate the whole 
of that existing in the air, which amounts to about one fifth 
of the whole volume. This separation may be completely 
effected by other methods to be presently described, proving 
that atmospheric air is composed of one volume of oxygen 
gas, and four of nitrogen, besides small proportions of car- 
bonic acid and aqueous vapour, the latter varying with the 
temperature. 

This process is extremely tedious; but evidence of the 
nature of atmospheric air may be obtained much more expe- 
ditiously by the following experiments. 

I. Burn phosphorus, in the manner described, substitut- 
ing, for oxygen gas, common atmospherical air. The com- 
bustion will, in this instance, be less vivid; will cease sooner ; 
and the absorption, when the vessels have cooled, will be much 
less considerable than in the former case. 

The phosphorus, however, will have absorbed the whole 
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of the oxygen gas contained in the air submitted to experi- 
ment; and hence it may be employed for measuring the quan- 
tity of oxygen gas in a given bulk of atmospherical air. This 
may be accomplished either by its slow or rapid combustion. 
Berthollet proposes* to expose a cylinder of phosphorus, fast- 
ened to a glass rod, in a narrow glass vessel, graduated into 
equal parts, and standing full of air over water. (See fig. 24.) 
The phosphorus immediately begins to act, without visible 
combustion, on the included air; and in six or eight hours its 
effect is completed. The residuary azotic gas has its bulk 
enlarged about one 40th, by absorbing a little phosphorus ; 
and for this allowance must be made in measuring the dimi- 
nution. 

In the eudiometer of Seguin, the rapid combustion of phos- 
phorus is employed with the same view. A glass tube, open 
at one end only, about an inch in diameter, and eight or ten 
high, is filled with, and inverted in, mercury. A small bit 
of phosphorus, dried with blotting paper, is then introduced, 
and, by its inferior specific gravity, rises to the top of the 
tube where it is melted, by bringing a red-hot poker near to 
the outer surface of the glass. When the phosphorus is lique- 
fied, a measured portion of the air to be examined is ad- 
mitted, by a little at once, into the tube. The phosphorus 
inflames at each addition, and the mercury rises. When all 
the air under examination has been added, the red-hot poker 
is again applied to ensure the completion of the process, and 
the residuary gas is tranferred into a graduated measure, 
where its bulk is carefully ascertained. In this instance, 
about one 40th the volume of the residuary gas is to be de- 
ducted from the apparent quantity of azotic gas, because, in 
this case also, a small portion of phosphorus is dissolved by 
the latter, and occasions a trifling expansion. With this 
deduction, atmospheric air loses pretty accurately 21 parts 
out of every 100; and contains, therefore, 21 per cent. of 
oxygen, and 79 of azote by measure.t And it is remarkable, 


* Annales de Chimie, xxiv. 78. a 

+ Various other methods of analyzing atmospherical air will be bts 
in the course of the work, references to which may be found in the Index, 
article Eudiometer. One of the quickest and most satisfactory is des- 
cribed in the section on Hydrogen Gas. | 
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that no appreciable difference exists between the proportions 
of oxygen and azote in the atmospheres of distant. places; 
from which it appears, that the purity and salubrity of air 
depend on some other circumstances than the proportion of 
these its. chief elements. | 

II. The inferior fitness of, atmospherical air to that of oxy- 
gen gas, for supporting combustion, may be shown, also, by 
a comparative experiment with two candles. Provide a cir- 
cular piece of lead, three inches diameter, and half an inch 
thick, from the centre of which proceeds a perpendicular iron 
wire, six or eight inches high; to the end of this wire fasten 
a piece of wax taper. Set the.candle, supported.by its stand, 
on the shelf of a pneumatic cistern; and place, also, the 
conducting pipe from the bladder (e, fig. 41), in the position 
shown by the figure; the cock d, however, being shut. Then, 
having the syphon g in the inverted position shown in the 
plate, sink the whole apparatus into the water. Part of the 
air in the jar a will escape through the syphon, and will be re- 
placed by water. When we have left, in the jar, the proper 
quantity of air, the syphon must be removed, and the jar re- 
turned to its place. The level of the water will now be con- 
siderably higher within than without the receiver; and its 
height must be noted. On passing a succession of electrical 
sparks from the conducting wire to the bent pipe, and opening 
the cock d from the bladder filled with hydrogen gas, we shall 
have a small flame, which isto be extinguished as soon as, by 
its means, we have lighted the candle. The candle may be 
suffered to burn till it is extinguished ; and the duration of its 
burning, and the diminution it occasions in the air, are to be 
noted. When the combustion is repeated in the same man- 
ner, but with the substitution of oxygen gas, it will be found 
to last considerably longer, and the diminution of volume in 
the gas will be much greater; or the experiment will be still 
more striking, if made at the same time with two receivers, 
the one containing common air, the other oxygen gas. 

Of the fifty-one simple or elementary bodies, nine only are 
incapable of being acted upon at any temperature by the oxy- 
gen present in atmospheric air. ‘These are chlorine, iodine, 
azote, silver, gold, platina, rhodium, palladium, and iridium. 
All the rest absorb oxygen from the atmosphere, either at the 
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ordinary temperature, or at a more elevated one which differs 
for different individuals. 

III. Take two tubes, each a few inches long, closed at one 
end, and divided into 100 aliquot parts. Fill the one with at- 
mospherical air, the other with oxygen gas, and invert them 
in two separate cups filled with a solution of sulphuret of 
potash. The sulphuret will ascend gradually within the tube 
of common air, till, after a few days, about four fifths of its 
original volume will remain; but, in that containing oxygen, 
it will ascend much higher, and if the gas be pure, will even 
absorb the whole. 

The explanation of this fact is, that liquid sulphuret of 
potash has the property of absorbing oxygen, but not nitrogen. 
It therefore acts on atmospheric air, only as long as any oxygen 
gas remains, and may be employed as a means of ascertaining 
the quantity of this gas in the atmosphere at different times, 
and in distant places. An improved instrument,* thus gra- 
duated, has been employed by Guyton as an Eudiometer.+ 
But an apparatus, of much greater simplicity, and facility of 
application, is that of Professor Hope of Edinburgh, an- 
nounced in Nicholson’s Journal, 8vo. iv. 210. It consists of 
a small bottle, of the capacity of 20 or 24 drachms (fig. 20, 
pl. ii), destined to contain the eudiometric liquid, and having 
a small stopper at l. Into the neck of the bottle a tube is 
accurately fitted by grinding, which holds precisely a cubic 
inch, and is divided into 100 equal parts. ‘To use the appa- 
ratus, the bottle is first filled with the liquid employed, which 
is best prepared by boiling a mixture of quicklime and sulphur 
with water, filtering the solution, and agitating it for some 
time in a bottle half filled with common air. The tube, filled 
with the gas under examination (or with atmospherical air, 
when the quality of this compound is to be ascertained), is 
next to be put into its place; and, on inverting the instru- 
ment, the gas ascends into the bottle, where it is to be brought 
extensively into contact with the liquid by brisk agitation. 


i 


* See Nicholson’s Philosophical Journal, 4to.i. 268; or Tilloch’s Phi- 
losophical Magazine, iii. 171. — 
+ Other eudiometers will be described hereafter, 
VOL. I. U 
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An absorption ensues; and, to supply its place, the stopper ) 
is opened under water, a quantity of which rushes into the 
bottle. ‘The stopper is replaced under water; the agitation 
renewed ; and these operations are performed alternately, till 
no farther diminution takes place. The tube a is then with- 
drawn, the neck of the bottle being under water, and is held 
inverted in water for a few minutes; at the close of which the 
diminution will be apparent. Its amount may be ensuite 
by the graduated scale engraved on the tube. 

To the eudiometer of Dr. Hope there are, however, a few 
objections. If the tube a and the stopper l are not beth very 
accurately ground, air is apt to make its way into the instru- 
ment to supply the partial vacuum, occasioned by the ab- 
sorption of oxygen gas. This absorption causes a dimi- 
nished pressure within the bottle; and, consequently, towards 
the close of each agitation, the absorption goes on very slowly. 
Besides, the eudiometric liquid is constantly becoming more 
dilute, by the admission of water through J. To obviate all 
these difficulties, I have substituted for the glass bottle, one 
of elastic gum, as shown by fig. 21, 0. ‘The tube a is accu- 
rately ground into a short piece of very strong tube of wider 
bore, as shown at c, the outer surface of which is made rough 
by grinding, and shaped as represented, that it may more 
effectually retain. the nee of the elastic bottle when fixed by 
astring. ‘This instrument is used, in every respect, in the 
same way as Dr. Hope’s. ‘The only difficulty is, in returning 
the whole of:the residuary gas into the tube; but the art of 
doing this will be readily acquired by practice. 

An ingenious modification of the eudiometer, which enables 
us. to measure an absorption of only +,5oth part of the gas 
employed, is described by Mr. Pepys in the Philosophical 
Transactions for 1807, or Philosophical Magazine, xxix. 

V. Aimospherical air, when very considerably rarefied, is ren- 
dered unfit for supporting combustion. ‘The general fact that 
flame ceases in air highly rarefied by the air pump, was well 
known to the earlier experimenters upon the Boylean va- 
cuum; but the degree of rarefaction, necessary to this effect, 
has been differ ently stated. Sir H. Davy (on Flame, p. 57,) 
found that a jet of inflamed hydrogen from what has been 
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called the philosophical candle, of about one-sixth of an inch 
in height, when introduced under a receiver, containing from 
200 to 300 cubic inches of air, enlarged as the receiver was 
exhausted by an air- eye When the gage indicated a 
pressure between 4 and 5 times less than that of the atmo-. 
sphere, the flame was at its maximum size; it then gradually 
diminished below, but burned above, till the pressure was be- 
tween 7 and & times less, Using a larger jet with the same 
apparatus, it burned till the’ pressure was reduced to one-tenth 
that of the atmosphere; and when a coil of platinum wire 
was kept in the flame in a state of ignition, the combustion 
‘did not cease till the pressure was reduced 13 times. The 
combustibility of hydrogen in atmospheric air does not, 
therefore, appear to be increased or diminished by mere 
rarefaction from the removal of pressure, but to cease m 
rarefied atmospheres, only when the heat produced is in- 
sufficient to keep up the combustion, or at -that point when it 
is incapable of communicating visible ignition to metal. 

It is not, however, by the same degree of rarefaction of air, 
that the combustion of all bodies is suspended ; for, as might 
naturally be expected, those which require least heat for eels 
combustion, burn in more rarefied air than those that require 
a higher temperature; and again, those that produce much heat 
in their combustion, burn in more rarefied air than those which 
evolve little heat. The following table, collected from Sir. H. 
Davy’s experiments, shows the degrees of rarefaction of com- 
mon air, at which the combustion of some inflammable bodies 
ceases, both witl: and without the appendage of a coil of pla- 


tinum wire. 
Without With 


Platinum. = Platinom. 

Olefiant gas ceases to burn in air ; 

rarefied Pi oor sent haa See Ae il to 12 times, 
Carbureted hydrogen’ 19 “persia, Woppond i. 
Cathonié onide 0-42. NG ..PPPLVUIDE, VG POUR A yy 
Alcohol PPE EL 99 BERN 
CR a ER ed BilPoh pind kPa: Biscntet 
Suiphureted hydrogen’ 27 /Q TT! oye ee 
Salpharey, HAW AVR. eee T5%0° 2!) VIP A PIT 
PhosphoriW A ey Vi PR. OV OUEP?. P60 Ye bue ered gaat 

v2 


292 OF SIMPLE ACIDIFIABLE BODIES. ~ CHAP. VII. 


' By preserving heat in rarefied air, Sir H. Davy found that: 
the inflammation of bodies may be continued, when, under 
other circumstances, it would have been extinguished. ‘Thus, 
when camphor was burned in a glass tube, so as to make the 
upper part of the tube red hot, the inflammation continued 
when the rarefaction was 9 times; whereas it would only con- 
tinue in air rarefied 6 times, when the camphor was burned 
in a thick metallic tube, which could not be considerably 
heated by it. By other experiments he has shown, also, that 
expansion by heat, instead of diminishing the combustibility 
of gases, enables them, on the contrary, to explode at a lower 
temperature. ; 

VI. The power of atmospheric air to support combustion is di- 
minished also by mixing it with some other gases. ‘Thus, Sir H. 
Davy found that a candle is instantly extinguished in air mixed 
with one tenth of silicated fluoric acid gas, or with one sixth of 
muriatic acid gas. But air, thus rendered inadequate to sup- 
port the combustion of one sort of inflammable substance, is 
capable of maintaining that of. others, as is proved in an ele- 
gant manner by the following experiment of the same philoso- 
pher. Into along bottle with a narrow neck introduce a lighted 
taper, and let it burn till it is extinguished. Carefully stop 
the bottle, and introduce another lighted taper; it will be ex- 
tinguished before it reaches the bottom ofthe neck; then in- 
troduce a small tube containing zinc and diluted sulphuric 
acid, at the mouth of which the hydrogen is inflamed; 
the hydrogen will be found to burn, in whatever part of the 
vessel it is placed. After the hydrogen is extinguished, in- 
troduce lighted sulphur; this will burn for some time; and, 
after its extinction, phosphorus will be as luminous as in the 
open air, and, if heated in the bottle, will produce a pale 
yellow flame of considerable density. (Davy on Flame, p. 82.). 

VII. The mechanical condensation. of air does not adapt it for 
supporting a more vivid combustion. Sir H. Davy’s experi- 
ments are the only ones we possess on this subject. He con- 
densed air nearly five times, and then ignited iron wire to white- 
ness in it, by the Voltaic apparatus, but the combustion took 
place with very little more brightness than in the common at- 
mosphere, and would not continue as in oxygen; nor did 
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charcoal burn much more brightly in this compressed air than 
in common air. | 

VIII. Atmospheric air supports animal life, only in conse- 
quence of the oxygen gas which it contains —Air, after having 
been received into the lungs, and again expired, is found to 
have lost a considerable part of its oxygen, viz. from 10 to 12 
per cent. It proves fatal to animals, however, long before this 
ingredient is wholly exhausted ; and hence it appears, that a 
considerable proportion of oxygen gas is necessary to fit the 
air for supporting respiration. As the analysis of expired air 
requires an acquaintance with another gas, not hitherto de- 
scribed, viz. carbonic acid, its examination will be postponed 
to a future occasion. 

IX. Atmospheric air is diminished in volume by animal respi- 
ration.—This may be shown by repeating a very simple ex- 
periment, originally contrived by Mayow. He confined a 
mouse in a small glass jar, and tied the jar over, quickly and 
firmly, with moistened bladder.. The heat of the animal first 
expanded the air, and rendered the bladder convex outwards ; 
but when the animal after death had become cold, the blad- 
der exhibited a hollow surface, proving that the air within 
the jar was diminished in its bulk. 

The exact amount of the diminution may be shown, by con- 
fining a mouse, over water, in a graduated jar, furnished with 
a stop-cock, and containing common air. As the heat of the 
animal, however, would occasion the expulsion of part of the 
air, it is expedient, on first depressing the jar into water, to 
open the cock, through which a part of the air will escape: 
the cock is then to be Hae! and the height of the water within 
to be accurately noted. At first, the Revel will be depressed, 
in consequence of the expansion of the air by the warmth of 
the animal; but, after its death, a considerable diminution will 
be observed. 

X. The weight of 100 cubic inches of atmospheric air, at 
60° Fahrenheit and 30 inches barometer, is said by Mr. Kir- 
wan to be 30.92 grains. Sir H. Davy states it, when under 
the same pressure, but at 55° Fahrenheit, to be 31.10 grains, 
from which it may be deduced that, with the temperature and 
pressure assumed by Mr. Kirwan, 100 inches would weigh 
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30.78. grains... Under the same circumstances, Sir George 
Shuckburgh’s experiments fix its weight at 30.5 grains, a 
number. confirmed by the subsequent investigations of Mr. 
Rice. (Ann. of Phil. vol. xiii.) Mr. Brande, however, 
(Manual, i. 379,) deduces, from twelye expériments made at 
the Royal Institution, with great care and an excellent ba-. 
lance, that 100 cubic inches of air, at a mean of the baro- 
meter and thermometer, weigh only 30.199 grains. On the 
whole, perhaps, 30.5 grains may be considered as a near ap- 
- proximation, : 

All eudiometrical processes, when skilfully performed, con- 
cur to prove that, apart from the carbonic acid and aquecus 
vapour which are present in atmospheric air, 100 volumes 
consist of 79 oxygen, and 21 nitrogen; or, including the two 
former ingredients, that it is constituted, ata mean tempe- 
rature and pressure, of 


Nitrogen gas.,.... 77.5 by measure.... 75.55 by weight. 
Oxyeomgaseiis lel 043 Inward 26039 
Aqueous vapour .. 1.42 .ssseeeeeeeee 1.08 
Catbeni¢ acid) jusk. 0:08. posse. dedi! 0.10 


100,00 100.00 


It is remarkable, also, that with the exception of the 
aqueous vapour, the quantity of which varies with the tem- 
perature, as will presently appear, the other ingredients of the 
atmosphere bear at all times, in all quarters of the globe, 
and at all accessible heights above its surface, the same re- 
lative proportion to each other. Thus air from the Alps 
analyzed by Saussure Jun., from Spain by De Marti, from 
Trance and Egypt by Berthollet, from England and the coast 
of Guinea by Davy, from the Peak of Teneriffe and from 
near the summit of the Andes by Humboldt, and from the 
height of nearly 22,000 feet by Gay Lussac and Thenard, all 
gave results approaching as nearly as possible to each other. 
The unknown ingredients which are occasionally mingled 
with the atmosphere, and which impart to it deleterious pro- 
perties, are either of too subtile a nature, or present in toe 
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small a proportion, to be discoverable by our imperfect in- 
struments. . 

Two views have been taken of the nature of the union, 
which exists among the several elastic fluids constituting the 
atmosphere. by the greater part of chemists, it has been 
considered as a chemical compound, chiefly from the uni- 
formity of its composition, and from the fact that its several 
ingredients do not separate and arrange themselves according 
to their respective specific gravities.s Mr. Dalton was the 
first who presented, under a distinct view, the theory, that of 
the various elastic fluids constituting the atmosphere, the par- 
ticles of one have neither attractive nor repulsive power to- 
wards those of another; but that the weight or pressure, upon 
any one particle of any fluid mixture of this sort, arises solely 
from the particles of its own kind.* According to this hypo- 
thesis, oxygen, azotic, and carbonic acid gases (or indeed any 
number), may exist together under any pressure, and at any 
temperature, while each of them, however paradoxical it may 
appear, occupies the whole space allotted for all. Hach in- 
eredient of the atmosphere, on this view, exerts its own sepa~ 
rate pressure in supporting the mercury of the barometer, 
and performs the part assigned to it in the following table. 


CJ 
Inch. of Mercury. 
The nitrogen gas exerts a pressure ....5.5.. = 23.36 
OXY Per CAS y tesiaee usa nadia ahue te AY ten = 6.18 
UO AOE Be sahara a's 5g Tooraiginiet 6 cam. a 
BBG Bei i ons crancithia sedis ldiais sid SR 0.02 


30.00 


To enter fully into the arguments for and against this doc- 
trine, would lead into discussions of too great length for an ele- 
mentary work ; and I shall only, therefore, express my opinion, 
that on the whole it is more probable, and encumbered with 
fewer difficulties, than the theory that the constituents of the 
atmosphere are held united by chemical affinity. It must be 


* Manchester Memoirs, v. 538. 
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acknowledged, as has been done by Mr. Dalton,* that taking 

the azotic part of the atmosphere as a standard, the oxygen 

and carbonic acid must observe a decreasing ratio to it in as- 

cending, and the aqueous vapour an increasing one. But on 

the summit of Mont Blanc (nearly three English miles in 
perpendicular height) the ratio of the oxygen to the nitrogen 

would still be very nearly as 20 to 80, and at all ordinary 

heights, the difference of proportions must be scarcely appre- 

ciable. | 


General View of the Compounds of Nitrogen and Oxygen. 


When nitrogen and oxygen gases are mingled together, 
in whatsoever proportions they are employed, no combination 
ensues. The result is a simple mixture of the two gases, 
which do not, like inelastic fluids, separate on standing, but 
remain diffused through each other for an indefinite length of 
time. When, however, either one or both of these elements 
is in a condensed state, or deprived of part of that caloric 
which keeps the gravitating particles of all gases at a distance 
from each other, they unite and form compounds, distin- 
cuished by very striking properties. According to the pro- 
portions in which the oxygen and nitrogen exist in these 
compounds, their qualities undergo a remarkable variation, 
so that from two elementary bodies, variously united, we have 
several compounds, totally unlike each other in external qua- 
lities, as well as in their chemical relations. 

Before describing the compounds of oxygen and nitrogen 
individually, it will contribute to perspicuity to take a general 
survey of the whole. Some of them exist essentially in an 
aériform state, and are capable of uniting with water and 
other liquids in small proportion only. Others, again, com- 
bine with water to such an extent, that the liquid form is the 
only one under which they occur to our observation. When 
entirely deprived of water, they are all essentially gaseous 
bodies. 

In a series of the compounds of nitrogen, founded on their 
proportion of oxygen, they occupy (excluding atmospherical 


* Manchester Memoirs, 2d ser. i. 257. 
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air from the number) the following order, the last containing 
the largest proportion of oxygen—nitrous oxide—nitric oxide 
or nitrous gas—hypo-nitrous acid—nitrous acid or nitrous 
vapour—and nitric acid. The two first are sparingly soluble 
in water; but the three last unite with it largely, and form li- 
quid compounds of decidedly acid taste and quality. 

The following table exhibits the composition of three of 
these bodies, the calculation being founded on the experiments 
of Sir H. Davy, published in the year 1800 in bis * Re- 
searches.” Oxygen gas is assumed to weigh 33.8 grains, and 
nitrogen, 29.5 for 100 cubical inches. 


Proportion of Proportion by 
Elements by Weight. Measure. 

» ) ay 
Nitrogen. Oxygen. Nitr". gas. Ox. gas. 


Witrous-oxide}!..<..«.<« 63.30. . 36.70 vitae 21000 2:1:50:63 
cere AS cereeveeaeves A405 55.95 eaeeeaee 100. 110. 
Nitrous acid* ........ 29.50 70.50 ...... 100. 208.60 


From a comparison of the third and fourth columns of the 
foregoing Table, it is obvious, that in nitrous oxide, the ni- 
trogen is, in volume, very nearly double the oxygen; that in 
nitrous gas, the two elements exist in almost equal volumes ; 
and that in nitrous acid, the oxygen is a little more than twice 
the volume of the nitrogen. These coincidences, and others 
of the same kind, are the foundation of the theory advanced 
by Gay Lussac; viz. that compounds, whose elements are 
gaseous, are constituted either of equal volumes of those elements ; 
or, that if one of the elements exceeds the other, the excess is by 
some simple multiple of its volume. That the proportions of 
nitrogen and oxygen by measure do not, in the foregoing in- 
stances, rigorously conform to this law, is ascribed by Gay 
Lussac to unavoidable inaccuracies, attendant on all delicate 
processes for determining the constitution of gaseous bodies. 
In one instance, the coincidence was proved experimentally ; 
for M. Berard, by the combustion of potassium in 100 mea- 
sures of nitrous gas, obtained exactly 50 measures of nitro- 
gen. Hence the table, corrected to accord with the views of 


a a a 
* These were at first stated to be the proportions of the elements of niirie 
acid; but they apply more correctly to nitrous acid. 
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Gay Lussac, and enlarged so as to comprehend all the known 
compounds of nitrogen, will stand as follows: 


Measures of 100 grains contain 
aN es 
Nitrogen. Oxygen. Nitrogen. Oxygen. 
Nitrous oxide consists of .. 100 50 4.0. 63.58 36.42 
rat ee eocve eee ee @ eo 100 100 ee .» 46.60 53.40 
Hypo-nitrous acid ..,... 100 L150 ster «00-8 63.2 


Nitrous acids mates 4 403 ahlOO 900 ....30.40 £69.60 
INGETIC BCi Lio eg ue om — 250 4266 25.97 74.03 


Supposing the foregoing proportions by volume to be cor- 
rect, the proportions by weight will be as follows: 
In weight of 


A. —~ 
Nitrogen. Oxygen. 


Nitrous oxide consists Of ....s+seeeeeeeeee 100 + 57 

DAB woerens ever sas vedne ceonend LOO a - ith 
Hypdenitrods acid... D007. «OEE, versace a LOU OE 
Nitrous ACig Seas gna butleic tare eas AO) cee 
ITIPIG HELO o'pvaie es puetestas 6 tints eat nig’evabeikt gine eee eee 


In all these compounds the elements are in a state of con- 
densation, except in nitrous gas, in which the nitrogen and 
oxygen, according to Gay Lussac, are precisely in the same 
state of density, as in nitrogen and oxygen gases. In the 
other compounds, the contraction, he apprehends, is exactly 
equivalent to the bulk of the oxygen gas. For example, in 
100 measures of nitrous oxide, consisting of 100 measures of 
nitrogen gas and 50 measures of oxygen gas, the condensation 
is 50 measures. On the same principle 100 measures of 
nitrogen gas, and 200 of oxygen gas constitute 100 of nitrous 
acid gas; and 100 measures of nitrogen and 250 of oxygen 
compose 100 of gaseous nitric acid. — 

Mr. Dalton, in his * New System of Chemical Philosophy,” 
has given a Table of the Compounds of nitrogen and oxygen, 
which differs essentially from that of Gay Lussac. This table, 
however, it is unnecessary to copy, because it has been since 
materially altered by the author, who has presented it under 
the following corrected form.* 


* Thomson’s Annals, ix. 193. 
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Volumes of Atoms of Symbol.* 
“—— => co 
Nitrogen. Oxygen. Nitrogen. Oxygen. 


Nitrous oxide .... 100 + 62 24 1 QOO 

TAS ad oie 9/100 oak A Bd Iw hick OO 
Hypo-nitrous acid 100 + 186 2+ 3 00 
Nitrous acid .... 100 + 248 1 + ODO 
Nitric acid ...... 100 + 310 Q + 


It will be obvious, from a comparison of this table with the 
foregoing one, that it assigns to all the compounds of nitrogen, 
24 per cent. or very nearly one fourth, more oxygen, than is 
stated by Gay Lussac to enter into their composition. It is 
admitted, on all hands, that setting out from nitrous oxide, 
the other compounds of nitrogen contain proportions of oxy- 
gen, which are simple multiples, both in weight and in volume, 
of that existing in nitrous oxide. ‘The question, which is 
still disputed by the opponents of the theory of volumes, is 
whether it be true that one volume of nitrogen unites with 
either exactly half a volume of oxygen, or with exactly an 
equal volume, or a double volume, and so on. Analogy is 
certainly in favour of this opinion; for the instances are nu- 
merous, in which gaseous bodies observe the law respecting 
volumes, deduced by Gay Lussac; and we have not, at pres 
sent, any well ascertained exception to it. The argument, 
which, perhaps, weighs most in its favour, when applied to 
the combinations of nitrogen and oxygen, is that, assuming 
nitrous oxide to consist of one volume of nitrogen and half a 
volume of oxygen, and multiplying the oxygen of nitrous ox- 
ide by 5, we are led to proportions constituting nitric acid, 
which almost exactly agree with those deduced by Dr. Wol- 
laston from the experiments of Richter and Phillips. 

If it should, hereafter, be unquestionably established that 
the elements of the compounds of nitrogen and oxygen are 
truly expressed by the table of Gay Lussac, it will then fol- 
low that the number represerting the atom of nitrogen (oxy- 


* O representing oxygen, and (J) nitrogen, 
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gen being taken at 8) must be 14, or (oxygen being 10) 17.5. 
In this determination, it is taken for granted that the two 
elements exist atom to atom in nitrous oxide, and that this, 
and not nitrous gas, is the true binary compound. But iff 
with Mr. Dalton, we suppose nitrous oxide to be constituted 
of two atoms of nitrogen to one of oxygen, we must then 
express the weight of the atom of nitrogen, either by 14 + 2 
= 7, or, taking oxygen at 10, by 17.5 + 2 = 8.75. It ap- 
pears to me, however, most probable, that the former view 
is the correct one, and that: 


Nitrous oxide consists of 1 atom of nitrogen + 1 of oxygen. 
Nitrous gas sihveewwetins oh tea at ohne ay Sa 
Hypo-nitrous acid .... 1 .eccesevee wees + 
Nittousacid: asiion. sind bled Wes Gh CORRE WU. oD 
Nittie acids sis. ened. ie) nadine aie ae Rt 


©9 


aS 


It is obvious that as the five compounds of nitrogen and 
oxygen, which have been already described, contain the same 
elements, and differ only in their proportion, they may be 
converted into each other, by adding or subtracting a due 
proportion of oxygen. ‘Thus nitric acid, by contact with 
some of the oxidizable metals, is converted into nitrous gas ; 
and nitrous gas, by abstracting a farther quantity of oxygen, 
is changed into nitrous oxide. Again, by adding oxygen to 
nitrous gas, it may be reconverted into hypo-nitrous, nitrous, 

or nitric acid, according to the proportion of oxygen which is 
added, and the circumstances under which the combination is 
effected. 


Protoxide of Nitrogen.—Nitrous Oxide of Davy. 


1. This compound of oxygen and nitrogen may be ob- 
tained by several processes: 

(a) By exposing common nitrous gas for a few days to iron 
filings, or to various other bodies strongly attracting oxygen, 
the former gas is changed into nitrous oxide. — 

Some nicety and experience are required to suspend the de- 
composition before it has gone too far ; in which case nitrogen 
gas is obtained along with nitrous oxide. The sulphite of 
potash, being incapable of decomposing nitrous’ oxide, is bet- 
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ter adapted to the conversion of nitrous gas into that elastic 
fluid. The process, in all cases; may be suspended, when 
about two thirds the original bulk of the gas are left. 

(4) By dissolving zinc, or tin, in nitric acid, diluted with 
five or six times its weight of water. Zinc, during this solu- 
tion, disengages nitrous aside till the acid begins to exhibit a 
brownish esl when the process must be suspended, as ni- 
trous gas is then formed. But by neither of these processes 
is the gas obtaincd sufficiently pure for exhibiting its qualities. 
To procure it in a state of purity, the following process is the 
best adapted. 

_(c) To nitric acid, diluted with five or six parts of water, 
add carbonate of ammonia, till the acid is saturated. ‘Then 
evaporate the solution by a gentle heat, until a glass rod when 
dipped into it, and rapidly cooled, is found to have acquired 
a solid coating; and, to supply the waste of alkali, add, oc- 
casionally, a little more of the carbonate. The salt obtained, 
after the solution has cooled, is next to be put into a glass 
retort, and distilled with a sand-heat, not exceeding 440° 
Fahr.* The heat of an Argand’s lamp is more than suffi- 
cient, and requires cautious regulation. ‘The salt will pre- 
sently liquefy, and must be kept gently simmering, avoiding 
violent ebullition. ‘The gas may be collected over water, and 
allowed to stand a few hours before it is used, during which 
time it will deposit a white substance, and will become per- 
fectly transparent. 

A gazometer, however, is best adapted for its reception, be- 
cause all danger is then avoided of the water of the trough being 
forced into the retort; and because the gas is brought into 
contact with a much smaller surface of water, which has the 
property of absorbing a considerable proportion of the gas. 
On this account, water, which has been once used to confine 
the gas, may be kept for the same purpose. 

The changes that take place, during the conversion of ni- 


* From the observations of Mr. Sadler (Nicholson’s Journal, xv. 286), 
it appears that the purity of the nitrate of ammonia is of considerable im- 
portance; and that its adulteration with muriate diminishes the ncn 
and impairs the quality of the gas. 


‘ & R 
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trate of ammonia into nitrous oxide, are the following ;:. Nitric 
acid is composed of oxygen and nitrous gas; ammonia, of 
hydrogen and nitrogen. Ina high temperature, the nitr ous 
gas combines with an additional nae of nitrogen, and forms 
nitrous oxide; while the oxygen of the decomposed nitric 
acid unites with the hydrogen of the ammonia, and forms 
water. Water and nitrous oxide are, therefore, the only 
results of the careful decomposition of nitrate of ammonia 
by heat. 

The gas, thus obtained, was Ap ieOey ‘by its discoverer Dr. 
Priestley, dephlogisticated nitrous air ; by the associated Dutch 
chemists, gaseous oxide of axole. Its most appopriate title is 
protoxide of nitrogen; but, for the sake of brevity, I shall 
occasionally use, with Sir H. Davy, the name of nitrous 
oxide.* 

In order to ascertain whether nitrous oxide be adulterated 
with either common air or oxygen gas, we may mix equal 
measures of the gas under examination, and of nitrous gas. 
If any diminution ensue, the presence of one of these may be 
suspected; and the amount of the diminution will show which 
of them is contained in it. Nitrous gas, however, is a much 
more common contamination; for it is generated, along with 
nitrous oxide, whenever the temperature of the salt is raised too | 
high. Its presence may be detected, either by red fumes anda 
diminution on the admixture of oxygen gas; or by an absorp- 
tion being effected, on agitating the gas with a solution of green 
sulphate of iron, which has no action on pure nitrous oxide. 

II. Nitrous oxide gas has the following properties ; 

(a) It is considerably heavier than common air. At about 

° Fahr. and 30 inches pressure, 160 cubic inches weigh 
50.20 grains, or under the same pressure, and at 60° Fahr.. 
49.68. (Davy.) More recently Sir H. Davy has stated 100 
cubic inches to weigh between 48 and 49 grains, and hence its 
specific gravity should be very nearly 1.6. Colin makes it 
only 1.5204, or, corrected by calculation, 1.5309: Dr. Thom- 

“son 1.5269: and Berzelius and Dulong 1.5272. On the 

x 


* For a full account of this gas, consult Sit H. Davy’s Researches, Che- 
mical and Philosophical. London. Johnson, 1809, 
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theory that it is constituted of one volume of nitrogen, and 
half a volume of oxygen, 100 cubic inches should weigh 464 
grains.* 

(6) Sir H. Davy, by passing electric sparks for some time 
through seven measures of nitrous oxide over mercury, found 
it reduced to 64. measures. The residue was a gas analogous 
in properties to atmospheric air; and some us Rane was 
also produced. (Researches, p. 282.) 

(c) When passed through a porcelain tube, well glazed both 
inside and outside, and strongly ignited in a furnace, a gas 
came over which was rendered opake by dense red vapour, 
but which, after the spontaneous condensation of this, exhibited 
very nearly the same properties as atmospheric air. Neither 
this mode of decomposition, however, nor. the last, furnishes 
results sufficiently exact to give any insight into the propor- 
tion of the components of nitrous oxide. 

(d) A candle burns in nitrous oxide with a_ brilliant 
flame and crackling noise. Before its extinction, the white 
inner flame becomes surrounded with an exterior blue one. 

(e) Phosphorus, introduced into it in a state of inflamma- 
tion, burns with increased splendour. Phosphorus, however, 
may be melted and sublimed in this gas, without alteration. 
It may even be touched with red-hot iron wire, without being 
inflamed ; but when wire intensely heated, or made Whi ier 
is applied, the phosphorus burns, or rather detonates, with 
prodigious violence. 

(f) Sulphur, introduced into nitrous oxide when burning 
with a feeble blue flame, is instantly extinguished ; but when 
in a state of an active inflammation, it burns with a vivid and 
beautiful rose-coloured flame. 

(g) Red-hot charcoal burns in nitrous oxide more brilliant- 
ly than in the atmosphere. When the experiment is made 
in a proper apparatus, the results of its combustion are found 
to be one measure of nitrogen gas and half a measure of 
carbonic acid (equivalent to half a measure of oxygen) from 
each measure of nitrous oxide. It must, therefore, consist. of | 


p 
* Dalton, Thomson’s Annals, ix. 190. 
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59 parts by weight of nitrogen and $3.8 oxygen,* or it must 
contain by weight 


Oxygen e@oveeeoe @ 6 36.43 og ith OOn nt 57. 
Nitrogen eeoeeveseer 63.57 eee ol 74 eee 100. 


ee ee oS cen SR 


vei 100. 274, 157 


On the supposition that nitrous oxide is constituted of one 
atom of nitrogen and one of oxygen, this would make the 
weight of the atom of nitrogen = 14; for as 57 is to sie so is 
8 to 14. 

(h) A mixture of thts gas with hydrogen gas detonates 
loudly, on applying a lighted taper, or passing an electric 
spark. 

When the proportion of nediogin is nearly equal to ‘that 
of nitrous oxide, or as 39 to 40, nitrogen gas only remains 
after the explosion; but when the proportion of hydrogen is 
smaller, nitric acid is also generated. In general terms, it 
may be stated that two volumes of nitrous oxide require for 
decomposition two volumes of hydrogen gas, and leave after 
combustion two volumes of nitrogen. Now we know that two 
volumes of hydrogen are equivalent to the saturation of one 
volume of oxygen, which, with the two remaining volumes of 

nitrogen, must make up the composition of two volumes of 
nitrous oxide. In other words, one volume of nitrous oxide 
consists of one volume of nitrogen + half a volume of oxygen 
condensed into the space of one volume. By an easy calcu- 
lation, founded on the specific gravity of its elements, these 
proportions will be found to answer to 1 atom of nitrogen 
weighing 14, and 1 atom of oxygen = 8; its representative 
nitrate ell therefore be 22 

Nitrous oxide forms, also (as I have shown, Philosophical 
Transactions, 1809, page 444), a combustible mixture with 
ammoniacal gas, 100 measures of the latter requiring for sa- 
turation 130 measures of nitrous oxide. 


* ‘Two hundred cubic inches of nitrogen gas weigh 59 grains, and 100 
of oxygen weigh 33.8. 
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(i) Iron wire burns in this gas with much the same appear- 
ance as in oxygen gas, but for a shorter period. 

(k) Nitrous oxide is rapidly absorbed by water that has been 
previously boiled, about one thirtieth the original bulk of the 
gas remaining uncondensed. A quantity of gas, equal to 
considerably more than nine-tenths the bulk of the water, may 
be thus made to disappear. This property furnishes a good 
test of the purity of nitrous oxide; for the pure gas is almost 
entirely absorbed by boiled water, which has cooled without 
the access of air. The gas employed should exceed the water 
three or four times in bulk, in order to obtain a saturated so- 
lution. 

Water, that has been saturated with this gas, gives it out 
again, unchanged, when heated. The impregnated water 
does not change blue vegetable colours. It has a distinctly 
sweet taste, and a faint, but agreeable, odour. } 

(4) Nitrous oxide is not diminished by admixture with 
either oxygen or nitrous gas, nor is it altered by contact either 
with chlorine or iodine. } | 

(m) Nitrous oxide is not absorbed by alkalies; but if it be 
brought into contact with them, when in a nascent state, or 
before it has assumed the form of a gas, it then enters into 
combination with alkaline bases. Thus, when a mixture of 
sulphite of potash and pure potash is exposed to nitrous gas, 
the gas is de-oxidized by the sulphite, and changed into 
nitrous oxide, which unites with the alkali. We obtain, there- 
fore, a mixture of sulphate of potash with a compound of 
nitrous oxide and alkali, the former of which may be separated 
by priority of crystallization. The latter is composed of about 
three parts of alkali, and one of nitrous oxide. It is soluble 
in water; has a caustic taste, of peculiar pungency; and con- 
verts vegetable blues to green. Powdered charcoal, mingled 
with it, and inflamed, burns with bright scintillations, ‘The 
nitrous oxide is expelled from fixed alkalies by all acids, even 
by the carbonic. _ 7 

(n) Animals, when wholly confined in this gas, die 
speedily. | 

(v) One of the most exiraordinary properties of this gas is 
exhibited by its action on the human body, when received into 

VOL. I. * 


*, 


ar 
“* 


306 OF SIMPLE ACIDIFIABLE BODIES. CHAP, VII, 


the lungs, When thus employed, it does not prove fatal, be- 
cause, when admitted into the lungs, it is mixed and diluted 
with the atmospherical air present in that organ. To admi- 
nister the gas, it may be introduced into an oiled silk bag 
or clean bladder, furnished with a stop-cock, and may be 
breathed repeatedly from the bag and back again, as long as 
it will last. ‘The sensations that are produced vary greatly - 
in persons of different constitutions; but, in general, they are 
highly pleasurable, and resemble those attendant on the early 
period of intoxication. Great exhilaration, an irresistible 
propensity to laughter, a rapid flow of vivid ideas, and an 
unusual fitness for muscular exertion, are the ordinary feel- 
ings it produces. These pleasant sensations, it must be added, 
are not succeeded, like those accompanying the grosser eleva- 
tion from fermented liquors, by any subsequent depression of 
nervous energy. 


Deutoxide of Nitrogen.—Nitrous Gas, or Nitric Oxide. 


This gas, through discovered by Dr. Hales, was first dis- 
tinctly examined by Dr. Priestley, and called by him nitrous 
air, a term afterwards changed to nitrous gas, then to nitric 
oxide, and more lately to deutoxide of azote, or deutoxide of 
nitrogen, which last appears to be its most appropriate title. 
It is so generally known, however, under the name of nitrous 
gas, that I shall sometimes, for the sake of brevity, continue 
so to call it. 

Nitrous gas may be easily obtained by pouring, upon filings 
or turnings of copper contained ina gas bottle, nitric acid of 
density 1.2 or 1.3, without applying any other heat than that oc- 
casioned by the action of the acid and metal on each other. 
Quicksilver may be substituted for copper, and with either metal 
a more dilute acid may be employed, but in the latter case it 
will be found necessary to apply heat to the materials. During 
this process part of the nitric acid gives oxygen to the copper, 
and passes to the state of nitrous gas; and the remaining 
acid unites with the deutoxide of copper, and composes the 
deuto-nitrate of that metal. . 

The properties of nitrous gas are the following :— 

(az) It is permanent over water; but it is absorbed in the 
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proportion of about 1 volume to 18 or 20, when agitated with 
water which has been recently boiled, and has become cold. 
This solution, according to La Grange, is converted, by long 
keeping, into nitrate ary ammonia, in 1 consequence of the de- 
composition of the water. 

_ Nitrous gas is rather heavier than common air. One hun- 
dred cubic inches at 55°, barometer 30°, were stated by Sir 
H. Davy in 1800, to weigh 34.26, or at 60° Fahr. 33.80 
grains. He has since, however, given the weight of 100 cubic 
inches at 32 grains, and hence its specific gravity at 1.050. 
Berard’s determination is considerably lower; viz. 1.0388 by 
experiment, or 1.0364 corrected by calculation ; Dr. Thomson’s 
1.0409; and Berzelius and Dulong’s does not exceed 1.001.* 

(Lb) When well washed with water, it is not acid. It will 
be found not to redden the colour of litmus. This may be 
shown by introducing a piece of paper, tinged with that sub- 
stance, into a jar of nitrous gas, standing inverted over water. 
To accomplish this, the paper should be fastened to the end 
of a glass rod or a piece of stick. The colour will remain 
tnblenageld. 

(c) It extinguishes flame, and is fatal to animals. Hom- 
bere’s pyrophorus, however, is inflamed by it; and charcoal 
and phosphorus, introduced into it when in a state of actual 
combustion, continue to burn vehemently. 

(d) Mingled with hydrogen gas, it imparts a green colour 
to its dias, It does not, ade on explode with hydrogen in 
any proportion, nor with any of the varieties of carbureted 
hydrogen. But, when mixed with ammonia, an electric 
spark produces a detonation, as I have shown in the Philo- 
sophical Transactions for 1809. ‘The proportions, required 
for nutual saturation, are about 120 measures of nitrous gas to 
100 of ammonia. 

(ec) When mixed with oxygen gas, red fumes arise; heat is 
evolved; a diminution takes place; and if the two gases be in 
proper proportion, and perfectly pure, they disappear entirely. 
Ten measures of oxygen, Mr. Dalton asserts, may be made 
to condense any quantity of nitrous gas, between 13 and 36 


* Annales de Chim. et de Phys, tom. xv. 
x2 
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measures, accordingly as the mixture is conducted; and Gay 
Lussac finds that 100 measures of oxygen gas condense over 
water from 134 to 365 of nitrous, but in a dry glass vessel only 
204, which, allowing for inaccuracies, may be stated at 200. 
In the latter case the total, 300 measures, become 200 of nitrous 
acid vapour. 

(f) The same appearances ensue, less remarkably, with 
atmospheric air: and the diminution is proportionate to the 
_quantity of oxygen gas which it contains. On this property 
of its condensing oxygen, but no other gas, is founded the 
application of nitrous gas to the purpose of eudiometry, or of 
ascertaining the purity of air. The sources of error, in its 
employment in this mode, have hitherto been considered such, 
as to forbid our relying implicitly on the results which it may 
afford. Learning, however, from Mr. Dalton, that he con- 
stantly employs nitrous gas in determining the purity of air, 
and with perfect satisfaction as to the accuracy of his results, 
I have obtained from him the following communication. It 
may be necessary to premise, that for applying nitrous gas to 
this purpose, two tubes will be found convenient, shaped like 
fig. 24; each from three to four tenths of an inch in diameter ; 
eight or nine inches long, exclusive of the funnel-shaped part ; 
and accurately graduated into minute aliquot parts. What 
these parts are, is of no consequence. Hundredth parts of a 
cubieal inch give rather too large divisions of the scale; but 
if each of these be divided into two, the scale will be sufii- 
ciently small. If the tube employed be not long enough to 
comprise 100 of these parts, the experiment may be made on 
50 parts only of atmospherical air; and the results, caniitied 
by 2, will give the proportion in 100 parts. 

*¢ To use nitrous gas accurately in eudiometry, it is only 
‘¢ requisite to take both gases in a dilute state, namely, con- 
‘* taining four or five times their bulk of azotic gas (which 
‘“¢ atmospheric air naturally does), or of any other gas not 
*‘ acted upon by nitrous or oxygen gases. In this case, if an 
‘ excess of one gas be used, the other is, in a few minutes, en- 
*‘ tirely taken up, and in a constant proportion; whatsoever 
‘* may be the form of the vessel, or the manner of mixing the 
** gases. The proportion is 1 of oxygen to 1.7 of nitrous, so 
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** that 10-27ths of the diminution over water are oxygen, and 

*17-27ths nitrous gas, It is proper, as soon as the greater 
‘** part of the diminution has ensued, to transfer the mixture 
‘* through water into a graduated vessel, without using any 
‘* agitation. 

‘“‘ If pure nitrous gas be admitted to pure oxygen gas in a 
‘© narrow ohdintionay tube, so that the oxygen gas is upper- 
** most, the two unite very nearly in the same uniform pro- 
** portion as above. If, on the other hand, the nitrous be 
*‘ the upper gas, a much less quantity of it disappears, v7z. 
** 1.24 nitrous to one oxygen. If undiluted nitrous gas be 
‘admitted to pure oxygen gas, in a wide vessel over water, 
“‘ the whole effect takes place immediately ; and one measure 
** of oxygen will condense 3.4 nitrous gas. 

‘*'To render this rule more intellivible, an example may 
“ be necessary. Let 100 measures of common air be admitted 
‘to 100 measures of a mixture of nitrous gas, with an equal 
** volume of azotic or hydrogen gas. After standing a few 
‘¢ minutes in the eudiometer, there will be found 144 measures. 
‘“* The loss 56 being divided by the common divisor, 2.7, gives 
“- 9) nearly for is oxygen gas present in 100 measures of 
** common air.” 

To these directions I may add, that when atmospherical air 
is the subject of experiment, it is scarcely necessary to dilute 
the nitrous gas, with any other gas, previously to its use. Ifa 
number of experiments be made, it will be proper, in all cases, 
to let the gases remain together the same definite time (say 10 
minutes) before noting the diminution; and it is needless to 
transfer them into another vessel. If the mixed gas, under 
examination, contain much more oxygen than is present in 
atmospherical air, then it is proper to dilute the nitrous gas 
with an equal bulk of nitrogen or hydrogen gas; and, in dis 
case, the narrower the iubert in which the experiment is made, 
the more accurate will be the result. 

Subsequent experience has convinced me that the method, 
proposed by Mr. Dalton, though sufficiently correct when 
applied to a mixture of the same, or nearly the same, standard 
as the atmosphere, cannot be relied on, when the proportion 
of oxygen is either considerably greater or less. In the 
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former case, the process gives too great a diminution, some- 
times indeed to such an extent as to indicate more oxygen 
gas, than the whole amount of what was submitted to experi- 
ment. When the air, on which we are operating, is of an 
inferior standard to the atmosphere, we do not learn its full 
proportion of oxygen. Notwithstanding these objections, 
however, the method has considerable value, since it may be 
applied to determine the proportion of oxygen in some mixed 
gases, to which other eudiometrical tests are not applicable ; 
for example, to mixtures of hydro-carburet and oxygen 
gases. | 
The application of nitrous gas to eudiometrical purposes, 
it has been observed by Gay Lussac, is susceptible of perfect 
accuracy, provided certain precautions be observed which he 
has pointed out, and which were suggested by his theo- 
retical: views of the constitution of these gases. A narrow 
tube he finds to be unfit for an eudiometer, his object being 
to form nitrous acid gas, which is but slowly absorbed by 
water. Instead therefore of a narrow tube, we must take a 
wide vessel, such as a small tumbler glass; and to 100 parts 
of atmospheric air, previously measured, we must add at once 
100 measures of nitrous gas. A red fume will appear, which 
will soon be absorbed without agitation, and in half a minute, 
or a minute at most, the absorption will be complete. Pass 
the residuum into a graduated tube, and it will be found, 
almost invariably, that 84 measures have disappeared. Di- 
viding this number by 4, we have 21 for the quantity of 
oxygen condensed. 

By a series of experiments on mixtures of oxygen and 
nitrogen gases in various proportions, Gay Lussac found that 
this eudiometrical process may be depended upon, whether 
the oxygen exceed or fall short considerably of the proportion 
contained in atmospheric air. 

(g) The generation of an acid, by the admixture of nitrous 
gas with common air or oxygen gas, may be shown by the 
following experiment. Paste a slip of litmus-paper within a 
glass jar, near the bottom; and into the jar, filled with and 
inverted in water, admit as much nitrous gas, previously well 
washed, as will displace the water below the level of the 
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paper. The colour of the litmus will remain unchanged ; 
but, on adding atmospheric air or oxygen gas, it will be im- 
mediately reddened. 

(2) The acid, thus produced, is either nitrous or hypo-nitrous, 
according to the circumstances of the experiment, the pre- 
sence of water favouring the production of the latter, and its 
absence promoting that of nitrous acid.* ‘The nature of the 
product may be shown, in a general way, as follows: Into a 
jar, filled with and inverted in mercury, pass a small quantity 
of a solution of pure potash; and, afterward, measures of 
oxygen and nitrous gases, separately, and in proper proportion. 
On removing the solution from the jar, exposing it for some 
time to the atmosphere, and afterward evaporating it, crystals 
of nitrate of potash will be formed, a salt which is ascertained 
to be formed of potash and nitric acid. 

(2) Nitrous gas is decomposed by exposure to almost all 
bodies that attract oxygen. ‘Thus, iron filings decompose it, 
and become oxydized, affording a proof of the presence of 
oxygen in this gas. During this process, water, ammonia, 
and nitrous oxide, in the proportion of one volume from two 
of nitrous gas, are generated. Sulphuret of potash, Xc., have 
a similar effect. Sulphuret of barytes gives one half its 
volume of nitrogen. Mixed with sulphurous acid, nitrous 
gas is decomposed, and this acid is changed into the sul- 
phuric, but not unless water is present. Nitrous gas does 
not, with hydrogen gas, afford a mixture that can be exploded 
by the electric spark; but with ammoniacal gas it may be fired 
in a Volta’s eudiometer over mercury. The oxygen of the 
nitrous gas unites with the hydrogen of the ammonia, and the 
nitrogen of both gases is set at liberty. 

Bodies, that ihe a still more powerful affinity for oxygen, 
decompose nitrous gas into its w/tzmate elements. Charcoal 
ignited in 100 measures, gives 50 measures of nitrogen gas, 
and 50 of carbonic acid. Arsenic, zinc, or potassium, when 
heated in it, evolve half its volume of nitrogen. Nitrous gas 
should consist, therefore, of 1 volume of oxygen + 1 volume 


* Dalton, in Thomson’s Annals, x. 39. 
+ Nicholson’s Journal, xvii. 43. 
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of nitrogen, neither of which elements is in a state of con- 
densation. We may therefore consider nitrous gas as consti- 
tuted of one atom of nitrogen = 14, and two atoms of oxygen 
= 16, and its representative’ number will be 30. Its com- 
position then is 
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No distinct information is obtained respecting the consti- 
tution of nitrous gas by the long continued action of elec- 
tricity. One half the azote, according to Mr. Dalton, is 
liberated, and the remainder unites with the evolved oxygen 
and composes nitrous acid (System, p. 334.) 

(k) Nitrous gas and chlorine, when both perfectly dry, 
have no action whatsoever on each other; but, if water be 
present, there is an immediate decomposition, its hydrogen 
combining with. the chlorine to form muriatic acid, and its 
oxygen with the nitrous gas to form nitrous acid. 

(2) Nitrous gas is absorbed by the green sulphate and mu- 
riate of iron,* which do not absorb nitrogen gas. 'To ascer- 
tain, therefore, how much nitrogen gas a given quantity of 
nitrous gas contains, let it be agitated in a graduated tube with 
one of these solutions. This analysis is necessary, previously 
to deducing, from its effects on atmospheric air, the proportion 
of oxygen gas; for we must subtract from the residuum the 
quantity of nitrogen introduced by the nitrous gas. 

From the important use which is now made in eudiometry 
of this solution of nitrous gas in sulphate of iron, it may be 
proper to describe the mode of its preparation. 

Dissolve as much of the green sulphate of iron in water as 
the water will take up, or dissolve iron filings in sulphuric 
acid, diluted with five or six parts of water, leaving an excess 
of the iron, in order to ensure the perfect saturation of the 
acid. Fill a wide-mouthed bottle with this solution, invert it 


* For an account of these salts, see chap. ix. sect. 16, 
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in a cupful of the same, and into the inverted. bottle receive 
the nitrous gas, as it is generated by the proper materials, 
shaking the inverted bottle frequently. The colour of this 
solution will be changed to black, and the production of gas 
and the agitation are to be continued, till the absorption can be 
carried no farther. ‘The impregnated solution should be pre- 
served in a number of small bottles, not holding more than 
an ounce or two each. The most commodious method of 
applying this solution, is by means of Dr. Hope’s eudi- 
ometer, already described. 


Of Hypo-nitrous Acid, 


“When 400 measures of nitrous gas and 100 measures of 
oxygen (in which, taken together, the nitrogen and oxygen 
are toeach other by measure as 100 to 150) are mixed toge- 
ther over a solution of potash confined by mercury, we obtain 
100 measures of a compound, called by Gay Lussac per- 
nitrous acid.* Mr. Dalton, who obtained it several years ago, 
and then considered it as nitrous acid, proposed to call it 
sub-nitrous acid;+ but the name hypo-nitrous seems to me 
more conformable to the analogy of similar acids having sul- 
phur and phosphorus for their basis. This new compound is 
so far hypothetical, that it has never yet been exhibited in a 
separate form; for when a stronger acid is added, to expel 
it from the potash, it is resolved into nitrous gas and nitrous 
acid. 

Hypo-nitrous acid is, also, frequently generated, when 
nitrous and oxygen gases, or nitrous gas and common air, 
are mingled together in eudiometrical processes. - At the 
same time nitrous and nitric acids are produced, in propor- 
tions to the hypo-nitrous and to each other, which are modified 
by the circumstances of the experiment. 

Calculating from the proportions of its elements and their 
state of condensation, 100 cubic inches of hypo-nitrous acid 


* Ann. de Chim. et Phys. i. 400. + Thomson’s Annals, vol. ix. 
{ Dalton, Thomson’s Annals, x. 83. 
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gas must weigh 80.2 grains; and it must consist in 100 


grains of 
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Hypo-nitrous acid unites with sulphuric acid, either con- 
centrated or a little diluted, and, at a moderate temperature, 
the compound forming elongated four-sided prisms. ‘These 
crystals, and even the liquid in which they shoot, give 
nitrous gas when brought into contact with water. A similar 
solid is obtained by passing nitrous acid vapour into sulphuric 
acid; and it appears, also, to be identical with the crystalline 
solid formed, by Clément and Desormes, by the mixture of 
oxygen gas, sulphurous acid, nitrous gas, and the vapour of 
water. The last-mentioned compound had been supposed 
to consist of nitrous gas and sulphuric acid; but sufficient 
reasons have been given by Gay Lussac for the new view of 
it, which has just been stated. 


Nitrous Acid. 


It has been a subject of controversy whether an acid, en- 
titled to this denomination, and holding the same relation to 
the nitric, which the sulphurous bears to the sulphuric, has 
really existence ; but it is now generally admitted, that the 
nitrous acid is as much a distinct and peculiar compound as 
any other of the compounds of nitrogen. 

_ The proportions of its elements have been investigated by 
Sir H. Davy,* who finds that two measures of nitrous gas 
and one of oxygen (= 1 volume of nitrogen and 2 of oxyg ea 
both freed from moisture, and mixed "togenet in a vessel 
previously exhausted of air, are condensed into half their 
volume,t and form a deep orange-coloured elastic fluid, 


* Elements of Chem. Philosophy. 
+ Gay Lussac states the condensation at two thirds of the volume of the 
mixture, Ann. de Chim. et Phys. i. 403. 
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which may be called nitrous acid gas. It has the following 
properties : oh 

A taper burns in it with considerable brilliancy. Sulphur 
when inflamed does not continue to burn in it ; but phosphorus 
burns vividly. Charcoal continues to burn in it with a dull 
red light. Water absorbs it, and gains a tint of green. It 
reddens litmus paper, has a sour taste, a strong smell, and 
turns animal substances yellow. One hundred cubic inches, 
calculating from the condensation of its elements assumed by 
Davy, must weigh 65.3 grains, at mean temperature and 
‘pressure, and it must contain in 100 grains, 
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Its atomic constitution is 1 atom of nitrogen = 14, + 4 
atoms of oxygen = 32, and its representative number is 46; 
or in volumes it consists of one of nitrogen and two of 
oxygen condensed into the space of one volume. 

To form liquid nitrous acid, nothing more is necessary 
than to saturate water with this vapour. The water becomes 
first green, then blue, and finally an orange colour more or 
less deep. The latter may be brought to the state of green or 
blue by adding more or less water. Hence the colour de- 
pends merely on the circumstance of density. 

The properties of liquid nitrous acid, Berzelius remarks,* 
differ from those of nitric acid; for while the latter boils at 
936°, nitrous acid of the same density boils at 160°. The 
purely acid part he infers to be composed of 36.9 nitrogen 
+ 63.1 oxygen. With bases, it forms a class of salts, which, 
he asserts, differ entirely from those containing nitric acid. 
On the other hand, we have the testimony of Gay Lussac, that 
the nitrous acid is decomposed with so much facility by con- 
tact with alkaline solutions, as to be incapable of forming a 
distinct class of salts. With solution of potash, for example, 
he found that it affords pernitrite and nitrate, but nothing 
that can properly be called a nitrite of potash. 


* 13 Ann. de Chim. 10. + Ann, de Chin. et Phys. i, 409. 
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Nitric Acid. 

I. The direct combination of nitrogen and oxygen, afford- 
ing a decisive synthetic proof of the nature of this acid, may 
be effected by passing electric sparks through a mixture of 
nitrogen and oxygen gases. ‘The experiment is an extremely 
laborious one, and requires, for its performance, a powerful 
electrical machine; but those who are disposed to repeat it, 
may proceed as follows: 

Let the tube, fig. 84, c, be filled with, and inverted in, mer- 
cury. Pass into it a portion of atmospherical air, or an arti- 
ficial mixture of nitrogen and oxygen gases, in the proportion 
of one of the former to two of the latter.—Let an iron wire, 
lengthened out with one of platinum, be introduced within 
the tube, so that the latter metal only may be in contact with 
the mixed gases; and let the end of this wire be distant about 
one fourth of an inch from the extremity of the upper con- 
ducting one. When the apparatus is thus disposed, pass a 
series of electric sparks or shocks through the gases for several 
hours. The mixture will be diminished in bulk; will redden 
litmus-paper when enclosed in it; and will exhibit distinctly 
the smell of nitrous acid. If the experiment be repeated, 
with the addition of a few drops of solution of potash, in con- 
tact with the gases, we shall obtain a combination of nitric 
acid with potash. | 

This interesting experiment on the generation of nitric acid 
we owe to Mr. Cavendish, who discovered the fact in the 
year 1785.* ‘The proportions, which he found to be neces- 
sary for mutual saturation, were five parts of oxygen gas and 
three of common air, or seven parts of oxygen gas to ‘three 
of nitrogen gas. ‘The acid, thus obtained, being constituted of 
100 measures of nitrogen + 233 oxygen, appears therefore to 
have been intermediate between nitrous and nitric acid, or 
more probably consisted of both those acids in a state of mix- 
ture. No evolution either of light or heat attends this com- 
bination, which is very slowly and gradually effected. 

Pure nitric acid then is to be considered as a gascous body, 


* Philosophical Transactions, Ixxv. 
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having the specific gravity, compared with that of common air, 
of 2.440. One hundred cubic inches, according to Sir H. 
Davy, weigh 76 grains at 55° Fahr. and under 30 inches 
pressure, or, corrected to the temperature of 60° Fahr., 75.21 
grains. According to the experiments of Sir H. Davy, pub- 
lished in 1800, it is composed, in 100 grains, of 29+ azote, 
and 704 oxygen. This approximation differs but little from 
the proportions deducible from the synthetic experiments of 
Cavendish, viz. 27.8 nitrogen to 72.2 oxygen. ‘The later re- 
sults of Sir H. Davy have led him, however, to believe, that 
4 in volume of nitrous gas and 2 of oxygen gas, when con- 
densed in water, absorb 1 in volume of oxygen to become 
nitric acid. We have then 2 volumes of oxygen (contained 
in 4 of nitrous gas) + 2 + 1 = 5 volumes of oxygen, to 2 
of nitrogen, or 24+ volumes of oxygen to one of nitrogen, for 
the constituents of nitric acid in a gaseous state; and esti- 
mating the oxygen gas, existing in nitrous gas, at one half 
its volume, and taking the specific gravities of oxygen and 
nitrogen gases at the numbers already given, 100 parts by 
weight of nitric acid will consist of 
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In investigating what number should be used as the equi- 
valent of nitric acid, Dr. Wollaston was led to inquire into 
the composition of that acid; and, from his own experiments, 
and those of Richter and Phillips, he infers the oxygen, which 
nitric acid contains, to be by weight to the nitrogen, as 50 
to 17.54. Hence nitric acid, as it exists in nitre, will be 
composed, by weight, of 
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By an easy calculation, it will be found that the nitrogen, 
in 100 grains of nitric acid thus constituted, is equal in vo- 
lume to 88 cubic inches, and the oxygen to 219. But as 88 to 
219, so is 100 to 249; and on this view of the nitric acid, it is 
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composed of 1 volume of nitrogen and 2+ volumes of oxygen, 
which agrees with the result of Sir H. Davy, and with the 
latest determination of Gay Lussac.* Nitric acid, then, will 
consist of 5 atoms of oxygen = 40, and 1 atom of nitrogen = 
14; and its atom will weigh 54. 

The formation of liquid nitric acid, by the direct union of 
oxygen and nitrogen gases, or even by condensing oxygen 
and nitrous gases into water, is a process too tedious to be 
practicable on the large scale. ‘The following is the method 
commonly employed for obtaining liquid nitric acid. 


Process for preparing Liquid Nitric Acid. 

Into a glass retort, which may be either tubulated or not, 
put, four parts by weight of nitrate of potash, reduced to a 
coarse powder, and pour upon it three parts of concentrated 
sulphuric acid. Apply a tubulated receiver, of large capacity, 
between which, and the retort, an adopter may be interposed ; 
these junctures being luted with a mixture of pipe-clay, sifted 
sand, and cut tow or flax.—To the tubulure of the receiver, 
a glass tube may be fixed by means of the fat lute, and may 
terminate in another large receiver, containing a small quan- 
tity of water. 

If the operator wishes to Eollert the gaseous products also, 
this second receiver should be provided with a tubulure, to 
which a bent pipe may be luted, terminating under one of the 
inverted fiinnels in the shelf of the pneumatic trough. Apply 
heat to the retort, through the intervention of a sand-bath. 
The first product, that passes into the receiver, is generally of 
a red colour, and of a smoking quality. ‘These appearances 
gradually diminish ; and if the materials used were clean, the 
acid will come over pale, and even colourless. Afterwards 
it gradually re-assumes a red colour, and smoking property. 
These appearances go on increasing till the end of the opera- 
tion; and the whole product, mingled together, has either a 
yellow or an orange colour, accotttae to the temperature 
employed. 

The proportions, recommended in the new London Phar- 


* Ann, de Chim. et Phys, i. 404. 
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macopeeia for the preparation of nitric acid, are two pounds 
of nitrate of potash, deprived by heat of its water of crystal- 
lization, and two pounds of sulphuric acid. These are directed 
to be mixed in a glass retort, and distilled in a sand-bath, 
until a red vapour arises. ‘The acid in the receiver is to be 
mixed with an ounce of nitrate of potash, and again distilled 
in a similarmanner. After the second distillation, its specific 
gravity is 1.500; and one fluid-ounce, Mr. Phillips finds, de- 
composes 476 grains of marble. But he objects to the propor- 
tion of sulphuric acid, in the process of the College, as un- 
necessarily large. If, however, it be required to decompose 
the whole of any portion of nitre, it is necessary to use as 
- much sulphuric acid, as will form, with the alkali of the 
nitre, li-sulphate of potash, viz. 97 parts of acid, of density 
1.85, to 100 parts of nitre. 

The nitric acid, which first passes over, has the greatest 
‘specific gravity. In an experiment of Dr. Perceval of Dublin, 
the product was taken in three portions; the first of which 
had the specific gravity of 1.494, the second of 1.485, and 
the third of 1.442.* Gay Lussac, by two successive distilla- 
tions of nitric acid of specific gravity 1.3 from four times its 
weight of sulphuric acid, brought it to the density of 1.510. 
In this state, he found it to ise decomposed by eat or light 
with extraordinary facility. 

In the large way, and for purposes of the arts, it is usual 
to substitute earthen or cast-iron retorts, made extremely thick, 
for those of glass. An earthen head is adapted, and this is 
connected with a range of proper condensors. ‘The strength 
of the acid is varied also, by putting more or less water into 
the receiver. What is called double aqua fortis varies in its 
specific gravity from 1.3 to 1.4. 

Nitric acid, obtained by this process, is never perfectly pure. 
It contains, generally, both sulphuric and muriatic acids; the 
former of which is indicated by a white precipitate, on adding 
a solution of nitrate of barytes to a little of the acid diluted 
with 8 or 10 parts of water; and the-latter, by a milkiness 
produced by nitrate or sulphate of silver. The sulphuric acid 
may be separated, either by a second distillation from a por- 
MP i ee Oe ae 
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tion of very pure nitre, equal in weight to one eighth of that 
originally employed, or by adding nitrate of barytes; allow- 
ing the precipitate to settle; decanting the clear liquid, and 
distilling it. Muriatic acid is separated by the addition of 
nitrate of silver. An immediate imilkiness ensues, and fresh 
additions must be made of nitrate of silver, as long as it occa- 
sions this appearance. ‘Then allow the precipitate to subside ; 
decant the clear liquid, and re-distil it; leaving one eighth or 
one tenth in the retort. The product will be pure nitric acid. 
Nitrate of lead may be substituted for nitrate of silver.* The 
nitric acid may also be obtained free from muriatic acid, if a 
perfectly pure nitrate of potash be employed for distillation. 
This purification is effected by repeated solutions of the nitre » 
in boiling distilled water, and re-crystallizations. 

Nitric acid, obtained in this manner, is defective also in 
another respect; for it is not perfectly oxygenated, but holds 
in solution a considerable quantity of nitrous gas or nitrous 
acid. 'To expel the latter, put the acid into a retort, to which 
a receiver is applied, the two vessels not being luted, but 
joined merely by paper. Apply a very gentle heat for several 
hours to the retort, changing the receiver as soon as it be- 
comes filled with red vapours. The nitrous gas will thus be 
expelled, and the nitric acid will remain in the retort in a 
state of purity, and as limpid and colourless as water. It 
must be kept in a bottle secluded from the light. 

One hundred parts of nitrate of potash, according to La 
Grange, yield by this process 43 of acid, or, according to my 
experience, above 50; but if the process of the College be 
followed, 100 of fused nitre afford about 664 of acid. Even 
this, however, is not the whole of what was contained in the 
salt; for a part is decomposed by the temperature necessary 
to the operation. Accordingly, a large quantity of oxygen 
gas is disengaged during the distillation, and may be collected 
by an easipasl addition to the apparatus. 

In the retort, there remains a compound of potash with 
more sulphuric acid than is essential to its saturation, or a 
bi-sulphate of potash. On submitting this to a pretty strong 
heat, the excess of sulphuric acid is expelled; and the residue, 


# See Nicholson’s Journal, xi. 134. 
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dissolved and evaporated, affords crystallized sulphate of 
potash. 
Properties of Liquid Nitric Acid. 

The liquid nitric acid has the following properties: 

(a) It is heavier than water, in the proportion of 1.5 or 
upwards to 1. Proust obtained it as high as 1.62; and the 
specific gravity of real nitric acid, which cannot, however, be 
obtained separately, may be calculated at 1.75. In its heaviest 
form, it still contains a portion of water, which is essential to 
its existence in a liquid state, and without which its elements 
would separate from each other. In acid of the sp. gr. 1.50, 
the water amounts, calculating from the data furnished by Dr. 
Wollaston, to 25.11 grains in 100 grains of acid; or, accord- 
ing to Mr. R. Phillips, to 25.09. According to Sir H. Davy, 
the strongest acid (sp. gr. 1.55) contains 14.4 parts of water 
in 100; and acid of sp. gr. 1.42 contains 25.2 of water in 100.* 
We have not, however, at present, documents. sufficient for 
the construction of an accurate Table of the quantities of 
real nilric acid in acids of different densities. The Table 
published by Mr. Dalton,t that philosopher has since found 
reason to believe to be inaccurate; and one which he com- 
municated to me for the last edition of this work, does not 
appear to be entitled to greater reliance. Dr. Ure has con- 
structed two Tables (for which see the Appendix), the first 
from experiments on the mixture of nitric acid of specific 
gravity 1.500 with water in the proportions of 95 + 5, 90 
+ 10,80 + 20, &c.; and the second from the calculation 
of the intermediate terms by a law of progression, which may 
be thus stated: The specific gravity of dilute acid, contain- 
ing 10 parts in the hundred of acid of density 1.500, is by 
experiment 1.054. ‘Taking this number as the root, its suc- 
cessive powers will give us the successive densities, at the 
terms of 20, 30, 40 per cent, &c. Thus 1054? = 1.111 is 
the specific gravity corresponding to 20 strong acid + 80 wa- 
ter; 1054° = 1.234 the density of 30 strong acid + 70 water; 
and hence any one term being given the whole series may be 
found. Inthe construction of this table, however, there ap- 
pears to have been an error in assuming that nitric acid of sp. 


* Elements, p. 265, : + New System, p. 350. 
VOL, I. ¥ 
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gr. 1.500 contains in 100 parts 79.7 of real acid; for this con- 
siderably exceeds the proportion deduced by any of the phi- 
losophers whose results have been quoted. 

(b) Hydro-nitric acid is perfectly limpid. and pies ag 
and emits white fumes when exposed to the air. 

(c) It gives a yellow stain to the skin. 

(ad) It boils at 248° Fahrenheit, and may be distilled over, 
without any essential change. This, however, is true only of 
acid of the specific gravity 1.42; for an acid, weaker than this, 
is strengthened by being boiled; while an acid, stronger than 
1.42, becomes weaker by boiling. All the varieties of nitric 
acid, therefore, are brought, by sufficient boiling, to the spe- 
cific gravity 1.42. 

(e) Hydro-nitric acid may be frozen by the application of 
a sufficiently low temperature. Like sulphuric acid, there is | 
a certain point of density at which it most readily congeals. 
Mr. Cavendish has described this, not by its specific gravity, 
but by the quantity of marble which it is capable of dissolv- 
ing. .When it takes up 53,48,ths of its weight, in which case 
its specific gravity is 1.8, the acid freezes at 2° below 0 Fah- 
renheit. When considerably stronger and capable of dissolv- 
ing =63;ths, it required cooling to — 41.6; and when so 
much diluted as to take up only =326,ths, it did not congeal 
till cooled to — 40.3.* 

(f) Strong hydro-nitric acid absorbs moisture from the 
atmosphere; in consequence of which it increases in weight, 
and diminishes in specific gravity. 

(g) When two parts of the acid are suddenly diluted with 
one of water, an elevation of temperature is produced to about 
112° Fahrenheit ; and the admixture of 58 parts by weight of 
acid of specific gravity 1.50 with 42 parts of water, both at 
60° Fahrenheit, gives a temperature of 140°. When more 
water is added to this diluted acid, its temperature is reduced. 
Snow or ice, added to the cold dilute acid, is instantly lique- 
fied, and an intense degree of cold is produced. 

(h) It becomes coloured by exposure to the sun’s light, pass- 
ing first to a straw colour, and then to a deep orange. This 
effect is produced by the union of the light of the sun with 


* Phil. Trans, 1788. + Dr. Ure, Journ, of Science, iv. 298. 
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oxygen, in consequence of which the proportion of the acidi- 
fying principle to the nitrogen is diminished. 

By exposing if to the sun’s rays in a gas bottle, the bent tube 
of which terminates under water, oxygen gas may be procured. 

(?) This acid retains its oxygen with but little foree— Hence 
it is decomposed by all combustible bodies, which are oxy- 
genized by it, with more or less rapidity in proportion to their 
affinity for oxygen. 

1. When brought into contact with hydrogen gas at a high 
temperature, by transmitting them together through an ignited 
porcelain tube, a violent detonation ensues, ‘This experiment, 
therefore, requires great caution. 2, Poured on perfectly dry 
and powdered charcoal, it excites the combustion of the char- 
coal, which becomes red-hot, and emits an immense quantity 
of fames. 3. It also inflames essential oils (as those of tur- 
pentine and cloves,) when suddenly poured on them. In these 
experiments, the acid should be poured out ofa bottle, tied to 
the end of a long stick ; otherwise the operator’s face and eyes 
may be severely injured. 4. Nitric acid is decomposed, by 
boiling it in contact with sulphur, which attracts the oxygen, 
and ‘ae ms sulphuric acid. 

(k) The hydro-nitric acid is also decomposed by metals ; 
as iron, tin, zinc, copper, &c. and with different phenomena, 
according to the affinity of each metal for oxygen. This may 
be seen, by pouring some strong nitric acid on iron filings, or 
powdered tin. The acid must be of greater density than 
1.48, otherwise it will not produce the effect. Violent heat, 
attended with red fumes, will be produced, and the metals will 

be oxidized. 

(4) Liquid nitric acid absorbs nitrous gas, and undergoes 
a considerable change of colour and properties. ‘The gas may 
be transmitted, as it issues from the materials that afford it, 
through a quantity of colourless nitric acid, which first passes 
to straw yellow, and becomes gradually deeper in its colour, 
till at length it assumes a deep orange, and emits red coloured 
fumes. According to Dr. Priestley (on Air, 2d edit. i. 383), 
100 parts of nitric acid of specific gravity 1.4 absorb in two days 
90 parts by weight of nitrous gas.* Seven parts of gas, he 
states, are iso to give the acid an or ange hue; when 18 

* There appears to be some error in this statement, for according to Sir 
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have been absorbed it becomes green ; and when it has taken 
up all that it is capable of condensing, it emits an immense 
quantity of red fumes. The gas thus absorbed may be ex- 
pelled again by a gentle heat, or by diluting the acid with 
water. 

Sir H. Davy, in the year 1800, gave the following table, 
showing the proportion of nitrous gas in nitrous acid of 


different colours. 
100 parts Lp weight contain 
= 8 


~ 
Sp. Gr. Heat A Ge. Nit. Gas. Water. 
Pale yellow........1.502....90.5 ....1.2 ....8.3 


Bright ditto 606006 .1.50 0. 88.04 0) £2596... 2.8.1 
Dark orange. v6 1480 106 186.88 VN 556 TE 
Light olive sy £4 T7901 86% N64 EI 6 
Dark olive). 660 VAIS. OBA OS 1s. oT 50 
Bright green ....6+1,476....84.8 .6..7.76....7.44 
Blue gsreert i424. VATE SRB EB AOE 


Mere dilution with water is sufficient to vary these colours. 
Thus the dark orange-coloured acid, by dilution, passes 
through the shades of blue, olive, and bright green. Nitric 
acid, also, by absorbing nitrous gas, has its specific gravity 
diminished. oltitrleda acid, for example, when rendered of 
pale yellow, becomes lighter in the proportion of 1.51 to 1.502. 


Nitro-Muriatic Acid. 


This acid may be formed most commodiously by mixing 
two parts by weight of colourless nitric acid with one of liquid 
muriatic acid. Proust employs only one of nitric to four of 
mivriatic acid. Though the acids are both perfectly pale, 
yet the mixture becomes of a deep red colour, a brisk effer- 
vescence takes place, and pungent vapours of chlorine are 
evolved. 

Considerable light has been thrown on the nature of this 
acid by the experiments of Sir H. Davy,* who has rendered 
it probable that its peculiar properties are owing to a mutual 


II. Davy 100 parts of nitric acid, when saturated with nitrous gas, hold only 

9 or 10 of the latter; and into acid of sp. gr. 1.8, Mr. Dalton could not con- 

dense above 20 times its bulk, or a little more than 2 per cent. by weight. 
* Journal of Science, &c. 1. 67, 
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decomposition of the nitric and muriatic acids, the oxygen of 
the former uniting with the hydrogen of the latter, in conse- 
quence of which water, chlorine, and nitrous -acid, are the 
results. For every 101 parts in weight of real nitric acid 
(equivalent to 118 of hydro-nitric acid) which are decomposed, 
67 parts of chlorine, he calculates, are produced. According 
to this view, it is not correct to say that aqua regia oxidates 
gold or platinum, since it merely causes their combination 
‘with chlorine. By long continued and gentle heat, nitro- 
muriatic acid may be entirely deprived of chlorine, and it 
then loses its power of acting on gold and platinum. 

The nitro-muriatic acid does not form, with aikaline or 
other bases, a distinct genus of salts, entitled to the name of 
nitro-muriates; for, when combined with an alkali, or an 
earth, the solution yields, on evaporation, a mixture of a mu- 
riate and a nitrate; and metallic bodies dissolved in it yield 
muriates only. ‘The most remarkable property of nitro-mu- 
riatic acid (that of dissolving gold, from whence it has been 
called aqua regia) will be described in the chapter on that 


metal. 
Combination of Nitrogen with Chlorine. 


Chlorine has no action whatsoever on nitrogen gas, nor on 
nitrous gas or nitrous oxide, when both gases are perfectly 
dry ; but a compound of chlorine and nitrogen may be formed, 
by passing chlorine gas through a solution of nitrate of am- 
monia, or of almost any ammoniacal salt, of the tempera- 
ture of 80° to 90° Fahrenheit. ‘The chlorine gas is rapidly 
absorbed, and a film appears on the surface, which soon 
collects into yellowish drops, that sink to the bottom of the 
liquor. 

Mr. Brande recommends, as the ssi method of forming 
it, to fill a perfectly clean glass basin with a solution of shout 
one part of sal ammoniac in twelve of water, and to invert into 
it a tall jar of chlorine gas. The saline solution gradually 
rises into the glass, a film forms upon its surface, and it ac- 
quires a deep yellow colour. At length small globules, re- 
sembling yellow oil, collect upon its surface, and successively 
fall into the basin beneath, from whence they are most con- 
veniently removed by drawing them into a small and per- 
fectly clean glass syringe, made of a glass tube drawn to a 
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pointed orifice, and having a copper wire, with a little tow 
wrapped round it for a piston. In this way a globule may be 
drawn into the tube, and transferred to any other vessel. 


This yellowish and oily fluid is the most powerfully deto- 
nating compound with which we are acquainted. When 
gently warmed, it explodes with so much violence, that it is 
not safe to employ a quantity larger than a grain of mustard 
seed. Its discoverer, M. Dulong,* was severely wounded in 
his first experiments on this substance; and Sir H. Davy had 
a serious injury done to his eyes in repeating them. It is ex- 
pedient, therefore, to proceed with great caution. 

When a globule of this fluid is thrown into olive oil, tur- 
pentine or naphtha, it explodes even without heat, and so 
violently, as to shatter any glass vessel. The same effect 
ensues when it touches phosphorus, or phosphorized alcohol 
or ether; but pure alcohol seems to deprive it of its explosive 
property, and renders it a white oily matter. 

The specific gravity of the fluid, Sir H. Davy has deter- 
mined to be 1.653, water being 1.f It is not congealed, by 
exposure to the cold produced by snow and muriate of lime. 

Messrs. Porrett, Wilson, and Kirk, have published an elabo- 
rate memoir on this compound in Nicholson’s Journal, xxxiv. | 
180, and have described at great length the appearances attend- 
ing its formation, and the results of acting upon it with a great 
variety of substances. ‘These experiments tend to show that 
it will not explode at any temperature much under 212° Fabr. 
nor without the contact ofa combustible body; that it may be 
distilled at or below 160°, and does not become solid at — 16°, 
Though the class of bodies termed combustible act upon it 
most remarkably, yet there are some bodies of that description, 
camphor for instance, with which it seemed to unite without 


* See Ann, de Chim, vol, 85. + Phil, Trans, 1813. 
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decomposition; nor did the metals, resins, or sugar, cause it 
to explode. It detonated with the following only, out of 125 


substances that were tried. 


Supersulphureted hydrogen. | Oil of tar. 


Phosphorus. Oil of amber. 
Phosphuret of lime. Oil of petroleum. 
Caoutchouc. Oil of orange peel. 
Myrrh. Naphtha. 

Palm oil. ‘ Metallic soaps. 
Ambergris. Fused potash. 

Whale oil. Solution of ammonia. 
Linseed oil. Phosphureted hydrogen gas. 
Olive oil. Nitrous gas. 

Ditto camphoreted. Phosphureted camphor. 
Ditto sulphureted. Oil of turpentine. 


The products of its detonation are chlorine and nitrogen 
gases, but it is impossible to determine the bulk of those ele- 
ments which are afforded by a given weight. The best me- 
thod of analyzing it, is by its action on mercury, which unites 
with the chlorine, and sets the nitrogen free. [rom various 
experiments of this kind, Sir H. ey. concludes that it is 
composed of four in volume of chlorine to one in volume of 
nitrogen, or of 


Chlorine: #8, ca aise Od.2 
Nitzan wis ees hie 8.5 


eee 


100. 


These proportions correspond best with the opinion, that 
it is constituted of one atom of nitrogen to four atoms of chlo- 
rine; it will be represented therefore by 14 + (86 x 4 =) 
144, making together 158; but its analysis is not sufficiently 
correct to render these numbers worthy of implicit reliance. 


Of the Compound of Nitrogen with Iodine. 


Iodine cannot be brought to act directly upon nitrogen, 
but when iodine is kept in a solution of ammonia in water, it 
is gradually converted into a brownish black substance which — 
is an iodide of nitrogen. - This may be collected, and dried at 
a very gentle heat on bibulous paper. 
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This compound evaporates spontancously in the open air, 
It explodes with great violence when touched or when heated, 
and is converted into nitrogen gas and iodine, but all attempts 
to collect the products have failed, and we are ignorant there- 
fore of the proportion of its components. 


— 
SECTION III. 


Of Carbon, and its compounds with Oxygen, Chlorine, and 
Iodine. 


Cuarcoat, in the form under which it ordinarily occurs, 
contains several ingredients that are not essential to it; and 
it is to the pure carbonaceous principle, divested of these im- 
purities, that the term Carbon is alone properly applied. ‘The 
diamond, which Sir I. Newton had sagaciously inferred to be 
a combustible body, from its powers of refracting light, was first 
shown by Guyton to contain carbon,* and his experiments 
Jed him to conclude that the diamond isthe only form of pure 
carbon; and that charcoal is a compound of carbon and oxy- 
gen, or an oxide of carbon. The experiments of Messrs. Allen 
and Pepys have, however, gone far towards proving that the 
diamond and charcoal,. though so widely remote from each 
other in external characters, are, as to their chemical nature, 
identically the same; and that the difference between them, 
in all probability, results merely from the respective states of 
ageregation of their particles. 

Some doubts, it must be confessed, were thrown on this 
conclusion by an experiment of Sir H. Davy, in which an 
inflammable gas was obtained, by igniting charcoal in a To- 
ricellian vacuum, by a powerful Voltaic battery. But the hy- 
drogen, thus evolved, may reasonably be ascribed to water, 
from which it is extremely difficult, if not impossible, to free 
charcoal. ‘The absence of oxygen from charcoal was proved, 
by heating it with potassium, for no potash was produced 3 
but when potassium was heated with diamond, there was an 
indistinct appearance of the production of that alkali. The 
subsequent experiments of the same philosopher} tend to es- 


* Annales de Chimie, xxxi. t+ Phil. Trans, 1814, p. 557. 
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tablish, that charcoal invariably contains either hydrogen or 
water ; for when it is burned in pure and dry oxygen gas, 
some moisture is always deposited, ‘The quantity, however, 
is so small, that hydrogen cannot exist in charcoal as an es- 
sential ingredient, or in any definite proportion. The dia- 
mond appears to be absolutely free both from water and 
hydrogen; and it is in this respect only, and in the mecha- 
nical arrangement of its particles, that we have any evidence 
of its differing from charcoal. If proof were wanted of the 
identity of the two substances, it is furnished by the fact that 
the diamond converts iron into steel, under circumstances 
quite free from all sources of fallacy.* 

To obtain charcoal free from contamination, pieces of oak, 
willow, hazle, or other woods, deprived of the bark, may be 
buried in sand in a crucible, which is to be exposed, covered, 
to the strongest heat of a wind-furnace. Jor purposes of ac- 
curacy, charcoal must be used when recently prepared, and 
before it has had time to become cold; or if it cannot be had 
fresh made, it must be heated again to redness under sand in 
a crucible. A remarkably pure charcoal may be obtained by 
passing the vapour of oil of turpentine, or of spirit of wine, 
through a red hot tube. It then appears in the form of a 
black impalpable powder. In the experiments of Sir H. 
Davy, this sort of charcoal, by combustion in oxygen gas, 
gave amuch smaller product of moisture than any other. 

Irom 100 parts of each of the following woods Messrs. 
Allen and Pepys obtained the annexed quaitities of charcoal ; 
viz. from fir, 18.17; lignum vite, 17.25; box, 20.25; beech, 
15; oak, 17.40; mahogany, 15.75. 

In the large way, charcoal is now most commonly prepared 
in this country by the distillation of wood in cast iron cylin- 
ders. The loppings of young trees, commonly called crop 
wood, are generally employed; and, besides the charcoal, li- 
quid products of value are collected, especially an impure vi- 
negar called pyroligneous acid. ‘The process is described at 
length by Mr. Parkes in the 2d volume of his ‘ Chemical 
Essays,” p. 271. 

The charcoal of wood, besides its use as a fuel, is necessary 
to the preparation of that kind of iron which is used for wire ; 


.* Phil, Trans. 1815, p. 371. > 
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to the cementation of steel; and to the preparation of gun- 
powder. The charcoal prepared from coal, called coke, is less 
pure, and, beside other substances, generally contains sulphur ; 
but it has the advantage of being heavier and more compact, 
in consequence of which it is better adapted for burning in 
furnaces in which there is a powerful blast of air. 

Lamp black, a necessary ingredient of printing ink, is the 
condensed soot collected from the refuse resin of turpentine 
makers. 

Charcoal has the following properties : 

1. In its aggregated state it is black, perfectly insipid, and 
free from smell; insoluble in water, brittle, and easily pul- 
verized. In close vessels, and entirely secured from contact 
with air, it is unchanged by any degree of heat. A gas, how- 
ever, may be collected from it by distillation, which consists 
of hydrogen and carbon, and perhaps a little oxygen. Ber- 
thollet has found, also, in the aériform pr oducts of its distil- 
lation, a considerable proportion of nitrogen.* 

In the section on carbonic acid, it will e explained what is 
meant by the vapour of charcoal, and it may be sufficient at 
present to observe that this term is not applicable to charcoal 
in any state in which it can be experimentally exhibited, but 
to that state in which it exists in gaseous combination with 
other bodies. : 

2. Charcoal has the singular property of absorbing gases 
without alteration. Fill a jar with common air,or any other gas, 
and place it over dry mercury: take a piece of charcoal, red- 
hot from the fire, and plunge it in the mercury of the bath: 
when cold, let it be passed into the vessel of gas, without bring- 
ing it into contact with the atmosphere. <A considerable di- 
minution of the gas will be effected; and in 24 or 36 hours 
its absorption will be completed. 

Count Morozzo has given the following table of the quan- 
tities of different gases, absorbed in the foregoing manner by 
charcoal. In each experiment, he employed a piece of that 
substance 1 inch long and 2 of an inch diameter. The 
receiver containing gas was 12 inches long and 1 inch dia- 
meter, 


mn * Mémoires d’Arcueil, ii, 484, 
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Gas absorbed. Inches. | Gas absorbed. Inches. 
Atmospheric; Sign .isjs sii Bee /ONitreus, sis occas od Hd 0 CF 
Carbonieiatitiate is ae ytd tavdroren: .5¢ 4.454 m0 Dee 
BLES RTE, Se TENG bs DRT SEL G5 rg 
Muriatic acid ........ 11 | Sulphurous acid ...... 54 
Sulphureted hydrogen ,. 11 


This property of charcoal has been made the subject of a 
valuable set of experiments by Saussure.* | Charcoal of box- 
wood he found to absorb, in less than 24 hours, of 


Volumes. 
PUMHNOUINCAU ME oO. ic ale nats wealntie a SU 


PUT Ate ACH cn cls gicat a etic ts bo OF 
SMUIPNUPOUR ACI 4 fess s «oe ee aces on bey Oe 
Sulphureted hydrogen .....+.e0++0s+ 55 
Nitrous oxide.. 


e@eeeoeeeseoeeoeeeveses eevee eee oe 8 40 


Carbonic acid eaerrervrerevevee7e et 08 OB 35 
Olefiant gas ees@eoeeeseeoeeesneeeesee ee @ @ 85 
CLPONIC GOONIES ld. 5 ee cd o.c 5) cass oh tap’ eae 
Oxygen eceteeoeeesoeeoveoeeeerere7e 2 OF OB 9.25 
SaaS PER CAR Pally Soe RUE etok Ane 7.5 
Hydrogen oeeeeveeeevreees PR eeeeeeeee @ 1.75 


Most of the phenomena attending this absorption have al- 
ready been described, in speaking of the absorption of gases 
by solids. It appears to be entirely a mechanical effect ; for 
even those gases that have an affinity for charcoal (hydrogen 
and oxygen for instance), are given out unchanged at the heat 
of boiling water. The densest and heaviest kinds of charcoal 
are most remarkable for this property, which is much dimi- 
nished by pulverizing them; and it does not exist at all in 
plumbago or in stone coal. 

3. From the experiment of Rouppe,} it appears, that if 
charcoal, which has imbibed oxygen gas, be brought into 
contact with hydrogen gas, water is generated; but Saussure, 
by a careful repetition of it, could not obtain the same result. 

4. Charcoal, by long exposure to the atmosphere, absorbs 
one twentieth of its weight, three fourths of which are water. 

The charcoal of different woods, Messrs. Allen and Pepys 
found to increase very differently in weight; that from fir 


* Thomson’s Annals, vi. 241. + Ann, de Chim, xxxii, 1, 
+ Clement and Desormes, 1 
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gained, by a week's exposure, 13 per cent. ; that from lignum » 
vitae, in the same time, 9.6; from box, 14; beech, 16.3; oak, 

16.5; mahogany, 18. The absorption goes on most rapidly 

during the first 24 hours; and by much the largest part of 
what is absorbed consists of water merely. 

5. Charcoal resists the putrefaction of animal substances. 
A piece of flesh-meat, which has begun to be tainted, may 
have its sweetness restored by rubbing it daily with powdered 
charcoal; and may be preserved sweet for some time by bury- 
ing it in powdered charcoal, which is to be renewed daily. 
Putrid water is also restored by the application of the same 
substance; and water may be kept unchanged at sea, by per- 
fectly charring the inner surface of the casks which are used 
to contain it.* It produces, also, a remarkable effect in de- 
stroying the taste, odour, and colour of many vegetable and 
animal substances. Common vinegar, by being boiled on it, 
is rendered perfectly limpid. Rum and other varieties of ar- 
dent spirit, which are distinguished by peculiar colours and 
flavours, lose both by maceration with powdered charcoal. 
The colour of litmus, indigo, and other pigments, dissolved or 
suspended in water, is destroyed. Putrid animal fluids, and 
air contaminated with offensive fumes, are, also, completely 
deprived of their odour. These effects are most certainly pro- 
duced by animal charcoal;+ which is best adapted for this 
purpose when obtained by calcining bones in close vessels. 

6. Charcoal is a very slow conductor of caloric. ‘The ex- 
periments of Guyton have determined, that caloric is conveyed 
through charcoal more slowly than through sand, in the pro- 
portion of three to two. Hence powdered charcoal may be 
advantageously employed to surround substances which are to 
be kept cool in a warm atmosphere ; and also to confine the 
caloric of heated bodies. It affords, however, an easy trans- 
mission to the electric fluid. 3 

7. The weight of the atom of charcoal is inferred by Mr. 
Dalton to be 5.4, that of oxygen being 7. But if the weight 
of the atom of oxygen be corrected to 8, the atom of charcoal 
will then weigh 6. The evidence in favour of this conclusion 
will be stated in the following section. ‘The specific gravity, 


* Lovitz, Ann. de Chim. tom. xiv. 
¢ 79 Ann, de Chim, 80; Journ, of Science, &c. iv. 367. 
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which it would have, if reducible into a vaporous form, is 
calculated by Gay Lussac to be 0.416. 


Combustion of Carbon. 


If a small piece of charcoal be exposed red-hot to atmo- 
spheric air, it exhibits scarcely any signs of combustion, and 
soon becomes cold; but Sir H. Davy has’ observed that dry 
charcoal converts oxygen gas pretty rapidly, though imper- 
ceptibly, into carbonic acid, at a temperature a little above the 
boiling point of quicksilver,* and, according to Saussure, the 
oxygen gas, which is absorbed by charcoal, becomes converted 
in time into carbonic acid, at the common temperature of the 
atmosphere. If a piece of charcoal, heated to about 800° or 
1000° Fahrenheit, or nearly to redness, be introduced into a 
receiver filled with oxygen gas, it continues to burn with 
greatly increased splendour, and with bright scintillations; 
and if the charcoal be pure, and its proportion rightly adjust- 
ed, it is entirely consumed. When the quantity burnt is 
considerable, a manifest production of water takes place, and 
the inner surface of the glass vessel becomes covered with 
moisture, which disappears, however, on standing. ‘This por- 
tion of water owes its origin to the union of oxygen with the 
hydrogen, which, it appears from Sir H. Davy’s experiments 
and from the results of its distillation, all charcoal contains. 

The diamond, also, which was formerly considered as an 
incombustible substance, may be consumed by a sufficiently 
intense heat, even in atmospherical air. The Florentine aca- 
demicians, in the year 1694, appear first to have ascertained 
this fact, by exposing diamonds to the focus of a powerful 
burning Jens. ‘Their experiment has been repeated by subse- 
quent chemists, with various modifications. It has been found 
by Sir George Mackenzie that diamonds burn in atmospheric 
air, when exposed on a muffle, to the temperature of about 
14° Wedgwood. In oxygen gas the diamond takes fire, 
when the focus of a powerful lens is thrown upon it; and 
continues to burn, though removed out of the focus, with a 
steady brilliant light, visible in the strongest sunshine. ‘The 
portion of diamond, which remains unconsumed, is net ren- 


* Phil, Trans, 1817, p. 16. 4; Davy, in Phil. Trans. 1814. 
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dered black, as has been asserted, but is found to have lost its 
lustre, like glass acted on by: fluoric acid. When the vessel has 
become cold, no production whatsoever of moisture is visible. 
By effecting its combustion in this way, Guyton thought he 
had determined that the diamond, in an equal weight, con- 
tains more real carbon than exists in common charcoal. His 
experiments, however, have not been confirmed by those 
of other chemists. One fact, however, has been  contri- 
buted.on this subject by Guyton, which is of considerable, 
value. ‘The diamond, he first ascertained, is destroyed when 
thrown into red-hot and melted nitre; and this property, it 
will afterwards appear, has been successfully applied by Mr. 
Tennant to the determination of the nature of the diamond, 
and of the proportion of ingredients in carbonic acid. 

At the Royal Institution, 
an apparatus is employed 
for the combustion of the 
diamond, from which, with 
Mr. Brande’s permission, 
the annexed sketch has been 
taken. It consists of a glass 
globe, capable of holding 
about 140 cubical inches, 
which, when used, is first 
exhausted, and then filled 
with oxygen gas. In the 
centre of this globe is sup- 
ported a small hemispherical 
cup of platinum, pierced 
with small holes. This is 
destined for containing the 
diamonds; and beneath it, 
at the distance of about 3. of 
an inch, is the orifice of a small pipe, from which a jet of hy- 
drogen gas may be forced, by opening the cock and pressing 
the bladder. ‘This stream of hydrogen being lighted by elec- 
tric sparks, taken by means of a contrivance usually employed 
for such purposes, ignites the diamonds, and, when they are 
white-hot, the gas is extinguished by shutting the cock. The 
diamonds continue to burn till they are so much reduced in 
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size that the cooling power of the platinum, with which they 
are in contact, prevents their farther combustion. After the 
apparatus has cooled, the gas within the globe will be found, 
when examined by rules which will presently be given, to have 
undergone an essential change, and to be partly converted 
into carbonic acid. 

To collect the entire products of the combustion of carbon, 
in either of its forms, requires rather a complicated apparatus. 
Lavoisier burnt charcoal in a known quantity of oxygen gas, 
which was confined by mercury, the charcoal being set on fire 
by a bent iron wire heated to redness,* and introduced through 
the quicksilver. Messrs. Allen and Pepys collected the pro- 
ducts of the combustion of charcoal and of the, diamond, by 
burning them separately in a platinum tube, set horizontally in 
a charcoal furnace, and connected at each .extremity with a 
mercurial gazometer. - A correct idea of this arrangement will 
easily be obtained by imagining that to each end of the tube c, 
fig. 40, the pipe J of a gazometer, like that shown fig. 35, is con- 
nected. At the outset of the experiment, one of the gazometers 
was filled with a known quantity of the purest oxygen gas, and 
the other was empty. ‘The tube was then made red-hot; and 
the gas, being forced alternately from one gazometer to the 
other, was repeatedly brought into contact with the red-hot 
charcoal or diamond. ‘The volume of the gas was found to 
be entirely unaltered; but it had received an addition to its 
weight precisely equal to what the charcoal or diamond, on 
weighing, was ascertained to have lost; and it was partly 
converted into a gas, totally different in its properties 
from oxygen gas, and called carbonic acid. It appears, 
therefore, that oxygen gas, by conversion into carbonic acid, 
undergoes neither expansion nor condensation. This con- 
clusion is farther established by the recent experiments of Sir 
H. Davy, on the combustion of the diamond in oxygen gas. 


Carbonic Acid. 


From the quantity of charcoal or diamond consumed in the 
experiments of Allen and Pepys, and the quantity of oxygen 
converted into carbonic acid, it is easy to infer the proportion 
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of carbon and oxygen in the new compound. Reducing these 
to centesimal proportion, for every 28 or 29 grains of the 
combustible base which disappeared, 100 grains of carbonic 
acid (= about 201 cubic inches) were generated; and it is 
remarkable that these proportions agree exactly with those 
originally stated by Lavoisier. ‘The same quantity of carbonic 
acid resulted, also, from the combustion of between 28 and 
29 grains of diamond. Hence it may be inferred, that the 
actual quantity of carbon in equal weights of diamond and 
charcoal is very nearly the same; and that charcoal is not, as 
has hitherto been supposed, an oxide of carbon; their only 
difference consisting in the presence of hydrogen in charcoal, 
in so small a proportion as not materially to diminish the 
quantity of carbonic acid produced by its combustion. If this 
inference required confirmation, it is furnished by its agree- 
ment with Mr. Tennant’s experiments on the combustion of 
the diamond, published in 1797. Two grains and a half of 
diamond (that philosopher found), when consumed in a tube 
of gold by means of nitre, gave nine grains of carbonic acid, 
which, in 100 parts, should contain, therefore, as nearly as 
possible, 28 parts of diamond or carbon. ‘The mean of a 
number of Messrs. Pepys and Allen’s experiments give the 
following statement of the composition of carbonic acid: 


Carbon eoeoever eve 28.60 eeeevevte 100 
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100. 

It is remarkable, also, that these numbers are precisely 
those which result from the experiments of Clement and 
Desormes.* They differ, however, a little, from those of 
Saussure, jun., who states the carbon in 100 grains of carbonic 
acid at between 27.04 and 27.38 grains. The results of Gay 
Lussac, which are conformable with the views of Berzelius, 
and, as nearly as possible with those of Dr. Wollaston, are, 
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Mr. Dalton assumes the composition of carbonic acid to be, 
in round numbers, 28 of charcoal and 72 of oxygen; from 
whence he deduces the weight of the atom of charcoal to be 
5.4, But if the atom of oxygen weigh 8, and if the propor- 
tions just assigned be correct, the atom of charcoal will weigh 
6, and that of carbonic acid (considering it as a ternary com- 
pound of two atoms of oxygen and one of charcoal) will be 
16 + 6= 22. Qn the theory of volumes, its constitution has 
been stated by Gay Lussac to be 1 volume of gaseous carbon 
+ 1 volume of oxygen, condensed into the space of 1 volume, 
and the density of the vapour of charcoal has been estimated 
to be equal to the density of carbonic acid, less that of oxygen 
gas, or to 1.5245 — 1.1025 = 0.422. When two volumes of 
carbonic oxide are converted into carbonic acid, we add a 
volume of oxygen equal to that already existing in two mea- 
sures of the former gas, viz. one volume, and obtain two vo- 
lumes of carbonic acid, which gas may therefore be considered, 
under this aspect, as constituted of one volume of oxygen + half 
a vol. of carbonic oxide condensed into one volume. This 
view of the constitution of carbonic acid and carbonic oxide 
rests, however, it is evident, upon the presumption, that the 
general law, deduced by the last mentioned philosopher from 
a variety of other cases, applies in this instance; viz. that 
gaseous compounds either contain equal volumes of their elements, 
or that if either exceed, the excess 1s by some simple multiple of 
the smaller volume. . 

In addition to the proofs of the constitution of carbonic 
acid, derived from its synthesis, we have also the evidence of 
its analysis, which may be effected by several processes. 

1. By passing a succession of electrical discharges through 
a quantity of carbonic acid gas confined over mercury, I have 
found that the gas is separated into oxygen, and a gas called 
carbonic oxide, which consists of oxygen united with a larger 
proportion of carbon than exists in carbonic acid. When the 
carbonic acid, which escapes, decomposition, has been washed 
out by solution of potash, an electric spark inflames the re- 
siduary mixture; the oxygen and carbonic oxide again uniting, 
and re-composing carbonic acid.* 


* Plil, Trans. 1809, p. 448. 
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2. When a mixture of carbonic acid and hydrogen gases is 
electrified, the hydrogen combines with part of the oxygen of 
the acid, and reduces it to the state of carbonic oxide. ‘The 
same products are obtained, by transmitting a mixture of two 
parts of hydrogen gas and one of carbonic acid through a glazed 
porcelain tube strongly ignited. ‘The hydrogen, uniting with 
apart of the oxygen of the carbonic acid, brings the latter to 
the state of carbonic oxide, at the same time that water is 
formed. ; 

3. When potassium is heated in carbonic acid gas, Sir H. 
Davy has found that the metal inflames; part of it is oxidated 
at the expense of the acid; and part of it unites with the char- 
coal, which is precipitated. 

4. By simply heating phosphorus in carbonic acid gas, no 
step is made towards the decomposition of the latter. But by 
applying phosphorus to some of the combinations of carbonic 
acid, the phosphorus is oxygenated, and carbon appears in a 
separate form. The original discovery of this fact is due to 
Mr. Tennant,* and the details of the experiment have been 
ably followed up by Dr. Pearson. 

To exhibit this fact, provide a tube of very thin glass, about 
one-third of an inch wide, and 18 or 20 inches long, sealed 
at one end. Coat it, within about an inch of the sealed ex- 
tremity, with a lute of sand and clay; and when this is dry, 
put into it as much purified phosphorus, in small pieces, as 
will fill the uncoated part. ~ Then cover the phosphorus with 
carbonate of lime, or carbonate of soda which has been de- 
prived of its water of crystallization. Let the part of the tube, 
which contains the carbonate, be made red-hot by means of a 
portable furnace; and, at this moment, apply heat to the part 
containing the phosphorus, sufficient to melt and raise it into 
vapour. The vapour of the phosphorus, coming into contact 
with the red-hot carbonate, will decompose the carbonic acid ; 
and charcoal will be found in the residue of the process, in 
the form of a very light and black powder. 

To procure carbonic acid, sufficiently pure for the exhibi- 
tion of its properties, the combustion of charcoal is far from 


* Phil, Trans. 1791, p. 182, Tt Ibid, 1792, p. 289. 
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being the best process. The student may, therefore, have 
recourse to another, the. rationale of which he will not, at 
present, understand; but which will be explained afterwards. 
Into a common gas bottle, puta little powdered marble or 
chalk, and pour on this sulphuric acid, diluted with five or six 
times its weight of water: or upon small fragments of marble 
about the size of horse beans, contained in a gas bottle, pour 
muriatic acid diluted with 8 or 10 times its weight of water, 
which disengages the gas more slowly and conveniently. This 
gas may be received over mercury; but a mercurial apparatus 
is not absolutely essential, since the gas may be collected over 
water, if used immediately when procured. Carbonic acid 
may, also, be separated by heat alone, from carbonate of lime. 
For this purpose, coarsely powdered chalk or marble may be 
put into the iron vessel a, fig. 85, which may be connected, 
by means of the conducting pipe J, with a gazometer. The 
receiving cylinder of the latter, after a sufficiently long conti- 
nuance of heat to the bottle a, will be filled with carbonic acid 
gas, contaminated, however, by a small proportion of carbonic 
oxide, and sometimes a little hydrogen. 


Properties of Carbonic Acid. 


(a) It extinguishes flame.—Set a vessel, filled with the gas, 
with its mouth upwards, and let down a lighted candle. The 
candle will instantly be extinguished. 

_A person, says Dr. Priestley, who is quite a stranger to the 
properties of this kind of gas, will be agreeably amused with 
extinguishing lighted candles, or blazing chips of wood, on 
its surface. For the smoke readily unites with this kind of 
air; so that little or none of it escapes into the atmosphere. 
It is remarkable, that the upper surface of this smoke, floating 
in the fixed air, is smooth and well defined; whereas the 
lower surface is exceedingly ragged, several parts hanging 
down to a considerable distance within the body of the car- 
bonic acid, and sometimes in the form of balls, connected to 
the upper stratum by slender threads, as if they were sus- 
pended. The stnoke is also apt to form itself into broad 
flakes, exactly like clouds. Making an agitation in this air, 
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the ‘surface of it (which still continues exactly defined) is 
thrown into the form of waves; and if, by this agitation, any 
of the carbonic acid be thrown over the sides of the vessel, 
the smoke, which is mixed with it, will fall to the ground, as 
if it were so much water. 

(L) It is fatal to animals.—Put a mouse, or other small 
animal, into a vessel of the gas, and cover the vessel, to pre- 
vent the contact of common air. The animal will die in the 
course of a minute or two. 

By means of this gas, butterflies, and other insects, the 
colours of which it is desirable to preserve, for the purpose 
of cabinet specimens, may be suffocated better than by the 
common mode of killing them with the fumes of sulphur. 
(ce) This gas is heavier than common air.— According to Sir 
H. Davy, 100 cubic inches, at 55° Fahrenheit, and 30 inches 
of the barometer, weigh 47.5 grains; and at 60°, with the 
same pressure, would weigh 47.11.- Messrs. Allen and Pepys 
determined that 100 cubic inches, at 60° Fahrenheit, and 30 
inches barometer, weigh 47.26 grains. Its specific gravity, 
according to Biot and Arago, is 1.5196; and hence, if 100 
cubic inches of atmospheric air weigh 30.5 grains, the same 
bulk of carbonic acid gas should weigh 46.34 grains. Dr. 
Ure finds it to weigh 46.4. Dr. Thomson states its specific 
gravity to be 1.5266, and Berzelius and Dulong 1.5240. It will 
be a sufficiently near approximation to take the weight of 100 
cubical inches at 46.5 grains, at a mean of the barometer and 
thermometer. 

To show the superior specific gravity of this gas in a general 
way, the following experiment will be sufficient. Let a long 
glass tube, proceeding from a gas bottle, containing pow- 
dered marble and dilute sulphuric acid, be twice bent at. right 
angles; let the open end of the longer leg reach the bottom 
of a glass jar, perfectly dry within, and standing with its 
mouth uppermost, ‘The carbonic acid will expel tke common 
air from the jar, because it is heavier.— This superior gravity 
may be farther shown as follows: When the jar is perfectly 
filied with the gas (which may be known by a lighted candle 
being instantly extinguished when let down into it), take 
another jar, of rather smaller size, and place at the bottom 
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of ita lighted taper, supported by a stand: then pour the 
contents of the first-mentioned jar into the second, as if you 
were pouring water. ‘[he candle will be instantly extin- 
guished, as effectually as if it had been immersed in water. 

It is owing to its superior gravity, that carbonic acid gas is 
often found at the bottom of grottoes, of deep wells, and of 
mines, the upper part of which is entirely free from it. Hence 
the precaution, used by the sinkers of wells, of letting down a 

candle before they venture to descend in person. 

(d) Carbonic acid gas is absorbed by water.—Fill partly a jar 
with this glass, and let it stand inverted a few hours over water. 
An absorption will gradually go on, till at last none will remain. 
This absorption is infinitely quicker when agitation is used. 
Repeat the above experiment, with this difference, that the 
jar must be shaken strongly. A very rapid diminution will 
now take place. In this manner water may be charged with 
rather more than its own bulk of carbonic acid gas; and 
acquires, when thus saturated, a very brisk and pleasant taste. 
This impregnation is most commodiously effected by an appa- 
ratus, sold in the glass shops, under the name of Noothi’s 
machine. 

The influence of pressure, in occasioning water to absorb 
a large quantity of carbonic acid, inay be illustrated by an 
apparatus, which I have described in the Philosophical Trans-_ 
actions for 1803, but which cannot be understood without the 
engraving that accompanics it. From an extensive series of 
experiments with this apparatus, I have deduced, as a general 
law, that water takes up the same volume of compressed car- 
bonic acid gas, as of gas under ordinary pressure. And since 
the space occupied by any gas is inversely as the compressing 
force, it follows that the quantity of gas, forced into water, 
is directly as the pressure. Thus, if water under common 
circumstances takes up an equal bulk of carbonic acid, under 
the pressure of two atmospheres it will absorb twice its bulk ; 
under three atmospheres three times its bulk, and so on. 

(¢) From water, thus impregnated, carbonic acid is again set 
at liberty, on builing the water, or ly exposing tt under the re- 
ceiver of an air-pimp.—During exhaustion, the gas will escape 
so rapidly, as to present the appearance of ebullition; and 
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will be much more remarkable than the discharge of air from 
a jar full of common spring water, confined at the same time, 
under the receiver, as a standard of comparison. 

(f) Carbonic acid is expelled from water by freezing. —If the 
impregnated water be rapidly congealed, by surrounding it 
with a mixture of snow and salt, the frozen water has more 
the appearance of snow than of ice, its bulk being prodigiously 
increased by the immense number of air bubbles. When 
water, thus congealed, is liquefied again, it is found, by its 
taste, and other properties, to have lost nearly the whole of 
its carbonic acid. 

(z) Carbonic acid gas, when combined with waler, reddens 
vegetable blue colours. —This may be shown by dipping into 
water, thus impregnated, a bit of litmus paper, or by mixing, 
“with a portion of it, about an equal bulk of the infusion of 
litmus. ‘This fact establishes the title of the gas to be ranked 
among acids. When an infusion of litmus, which has been 
thus reddened, is either heated, or exposed to the air, its blue 
colour is restored, in consequence of the escape of the car- 
bonic acid. This is a marked ground of distinction from 
most other acids, the effect of which is permanent, even after 
boiling. 

(h) Carbonic acid gas precipitates lime water.—This character 
of the gas is necessary to be known, because it affords a ready 
test of the presence of carbonic acid whenever it is suspected. 
Pass the gas, as it proceeds from the materials, through a 
portion of lime water. ‘This, though perfectly transparent 
before, will instantly grow milky: Or, mix equal measures of 
water saturated with carbonic acid and lime water. The 
same precipitation will ensue. By means of lime water, the 
whole of any quantity of carbonic acid, existing in a mixture 
of gases, cannot, however, be removed, as Saussure, jun. has 
shown; but recourse must be had, in order to effect its entire 
absorption, to a solution of caustic potash or soda. 

(2) By the application of the test (h) it will be found, that 
carbonic acid is generated in several cases of combustion.—1. Let 
the chimney of a small portable furnace, in which charcoal is 
burning, terminate, at a distance sufficiently remote to allow 
of its being kept cool, in the bottom of a barrel provided 
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with a moveable top, or of a large glass vessel having two 
openings, A small jar of lime water being let down into the 
tub or vessel, and agitated, the lime water will immediately 
become milky. The gas will also extinguish burning bodies, 
and prove fatal to animals that are confined in it. Hence the 
danger of exposure to the fumes of charcoal, which, in several 
instances, have been known to be fatal. These fumes consist 
of a mixture of carbonic acid and nitrogen gases, with a very 
small proportion of oxygen gas. 2. Fill the pneumato-che- 
mical trough with lime water, and burn a candle, in a jar 
filled with atmospheric air, over the lime water till the flame 
is extinguished. On agitating the jar, the lime water will 
become milky. The same appearances will take place, more 
speedily and remarkably, if oxygen gas be substituted for 
common air. The carbonic acid, thus formed during com- 
bustion, by its admixture with the residuary air, renders it 
more unfit for supporting flame, than it otherwise would be 
from the mere loss of oxygen. Hence, if a candle be burnt 
in oxygen gas, it is extinguished long before the oxygen is 
totally absorbed, because the admixture of carbonic acid with 
oxygen gas, in considerable proportion, unfits it for support- 
ing combustion. Whenever any substance, by combustion in 
oxygen gas or common air over lime water, gives a precipi- 
tate, soluble with effervescence in muriatic acid, we may con- 
fidently infer that it contains carbon. 

(k) The respiration of animals is another source of carbonic 
acid.—On confining an animal in a given portion of atmo- 
spheric air, over lime water, this production of carbonic acid 
is evinced by a precipitation. The same effect is also pro- 
duced more remarkably in oxygen gas. ‘The production of 
carbonic acid, by respiration, may be proved, also, by blow- 
ing the air from the lungs, with the aid of a quill, through 
lime water, which will immediately grow milky. The car- 
bonic acid, thus added to the air, unfits it for supporting life, 
not merely by diminishing the proportion of oxygen gas, but 
apparently by exerting a positively noxious effect. Hence a 
given quantity of air will support an animal much longer, 
when the carbonic acid is removed as fast as it is formed, than 
when suffered to.remain in a state of mixture. It has been 
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found, that an atmosphere, consisting of oxygen gas and 
carbonic acid, is fatal to animals, though it should contain 
a larger proportion of oxygen than the air we commonly 
br peaks | 

(1) Carbonic acid is at all times present in the air of the at- 
mosphere.—This might naturally be expected, from the im- 
mense quantity which is constantly produced by respiration 
and combustion. Its presence is demonstrated by leaving a 
shallow vessel of lime water exposed to the atmosphere; for its 
surface is soon covered with a solid pellicle, which, when re- 
moved, is succeeded by another, and so on, till.the water is 
deprived of almost all the lime which it held in solution. From 
the precipitate, thus formed, carbonic acid is disengaged by 
dilute acids. It has been discovered not only in air at ordinary 
heights, but was ascertained by Saussure to exist in the at- 
mosphere on the summit of Mont Blanc, nearly 16,000 feet 
above the level of the sea, and was found by Humboldt in air 
brought down by Garnerin from the height of several thou- 
sand feet, to which he had ascended in an air balloon. (Jour. 
de Phys, xlvii. 202.) 

The proportion of carbonic acid in atmogpheri ic air, is esti- 
mated by Mr. Dalton not to exceed one thousandth or Ti00 th 
of its bulk. Saussure, jun. examined its proportion in the 
air of an open field, a few miles from Geneva.* In January, 
the mean of three experiments showed 4.79 parts in 10,000; 
in July and August, 7.18 parts in the same volume, which 
is considerably short of the proportion determined by Mr. 
Dalton. The difference between the quantities discovered 
in summer and winter, though on first view very small, 
viz. 2-8, volumes in ten thousand, would constitute so large a 
quantity, wher the whole atmosphere is taken into the ac- 
count, that the fact can scarcely be considered as determined 
without repeated and careful experiments. The uniformity 
of its proportion is surprising, when we consider the enor- 
mous volumes that are constantly generated by respiration 
and combustion, which scarcely seem to affect its relative 
quantity even in the atmospheres of large manufacturing towns. 
tirinphab pause tt aes tees isd eens ee Dis5 mio is oil) aad 
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(m) Carbonic acid retards the putrefaction of animal sub- 
stances.—This may be proved, by suspending two equal pieces 
of flesh meat, the one in common air, the other in carbonic 
acid gas, or in a small vessel through which a stream of 
carbonic acid is constantly passing. The latter will be 
preserved untainted some time after the other has begun to 
putrefy. 

(n) Carbonic acid gas exerts powerful effects on living vege- 
talles.—These effects, however, vary according to the mode 
of its application. | 

Water, saturated with this gas, proves highly nutritious 
to plants, when applied to their roots. The carbonic acid _ 
is decomposed, its carbon forming a component part of 
the vegetable, and its oxygen being liberated in a gaseous 
form. : 

On the contrary, carbonic acid, when a living vegetable is 
confined in the undiluted gas over water, is injurious to the 
health of the plant, especially in the shade. ‘The late Mr. 
Henry, however, long ago found that a certain quantity of 
fixed air, applied as an atmosphere, is favourable to vegcta- 
tion; and M. Saussure, of Geneva, has determined more re- 
cently, that the mixture of more than 4 of carbonic acid with 
common air is always injurious ; but that in this proportion it 
promotes the growth of plants, and is manifestly decomposed. 
It is this process of nature that appears to be the principal 
means of preventing an excess of carbonic acid in the general 
mass of the atmosphere, which, without some provision of 
this kind, must gradually, in the course of ages, be rendered 
less and less fit for respiration. - 


Gaseous Oxide of Carbon, or Carbonic Oxide. 


This gas appears to have been first obtained by Dr. Priest- 
ley, by the distillation of charcoal with oxide of zinc; but he 
was not aware of its composition, which was first pointed out 
by the late Mr. Cruickshank, of Woolwich,* and afterwards 
more particularly by Clement and Desormes.t ‘The Dutch 
Society of Chemists objected to its being regarded as a dis- 
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tinct species, and considered it only as a variety of carbureted 
hydrogen ;* but these objections were not entitled to any 
weight, and have been completely set aside by farther in- 
vestigations. 

It may be procured by any of the following processes : 

1. By the distillation of the white oxide of zinc with one 
eighth of its weight of charcoal, in an earthen or glass re- 
tort; from the scales which fly from iron in forging, mixed 
with a similar proportion of charcoal; from the oxides of 
lead, manganese, or, indeed, of almost every imperfect metal, 
when heated in contact with powdered charcoal, It may also 
be obtained from the substance which remains after preparing 
acetic acid from acetate of copper. 

2. From well dried carbonate of barytes or of lime (com- 
mon chalk), distilled with about one fifth of charcoal, or with 
rather a larger proportion of dry iron or zine filings, which 
afford it quite free from hydrogen. 

8. By transmitting carbonic acid gas over charcoal ignited 
in a porcelain tube, the acid gas combines with an additional 
dose of charcoal; loses its acid properties; and is converted 
into carbonic oxide. An ingenious apparatus, contrived. by 
M. Baruel, and extremely useful for this and similar purposes, 
is described and represented by a plate, in the 11th volume of 
Nicholson’s Journal. 7 

The last product of the distillation is the purest, but still 
contains carbonic acid, which must be separated by washing 
the gas with lime liquor or solution of potassa. . 

Its properties are as follow : 

(a) It has an offensive smell. 

(4) It is lighter than common air, in the proportion of 
0.9694 according to Thomson, or 0.9727 according to Ber- 
zelius and Dulong. One hundred cubical inches weigh 30 
grains, the temperature being 55° Fahrenheit, and pressure 
29.5 (Cruickshank); or at temperature 60°, and barometer 
30, 100 cubic inches weigh 30.19 grains. Its specific gravity, 
from calculation, according to Gay Lussac, should be .96782. 

(c) It is inflammable, and, when set fire to, as it issues from 
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the orifice of a small pipe, burns with a blue flame, The: 
temperature of an iron wire heated to dull redness. was found 
by Sir H. Davy sufficient to kindle it. When mixed with 
common air, it does not explode like other inflammable 
gases, unless in very few proportions,* but burns silently with 
alambent blue flame. A mixture of two measures with one 
measure of common air may, however, be exploded by a 
lighted taper, or even by red-hot iron or charcoal. 

(d) When a stream of this gas is burnt, in the manner de- 
scribed in speaking of hydrogen gas, no water is condensed 
on the inner surface of the glass globe, a proof that the 
gaseous oxide contains no hydrogen. 

(e) It is sparingly soluble in water; is not absorbed by 
liquid caustic alkalies; nor does it precipitate lime water. 

(f) It is extremely noxious to animals; and fatal to them 
if confined in it. When respired for a few minutes, it pro- 
duces giddiness and fainting.t 

(g) When 100 measures of carbonic oxide are fired over 
mercury in a detonating tube, with 45 of oxygen gas, the 
total 145 are diminished to 90, which, if the gases employed 
be pure, consist entirely of carbonic acid. Proportions, dif- 
fering a little from these, have been stated by Berthollet, viz. 
that 100 measures of carbonic oxide are saturated by 50 mea- 
sures of oxygen, and give 100 of carbonic acid; and these last 
proportions are enragl mys also, both with the theory and ex- 
perience of Gay Lussac. 

(kh) It is not expanded by electric shocks, nor does it appear 
to undergo any change by electrization. 

(2) When paalitasits oxide, mingled with an equal bulk of 
hydrogen gas, is passed through an ignited tube, the tube be- 
comes lined with charcoal. In this temperature, the hydro- 
gen attracts oxygen more strongly than it is retained by the 
shicemaal and water is formed. It was found, also, by Gay Lus- 
sac, to be decomposed by the action of potassium, which com- 
bines with the oxygen and precipitates charcoal. 

According to Mr. Cruickshank, it contains per cent. about 
70 oxygen, and 30 carbon by weight; or the former is to the 
latter as 21 to 8.6, or as 21 to 9, Gay Lussac, however, 
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makes it to consist of 43 charcoal and 57 oxygen; Berzelius 
of 44.28 charcoal and 55.72 oxygen, proportions which agree, 
within a small fraction, with those of Clement and Desormes. 
It contains, therefore, just half the oxygen that exists in car- 
bonic acid; and it is constituted of one atom of charcoal and 
one atom of oxygen, and weighs, according to Mr. Dalton, 
7 + 5.4 = 12.4, or, by the corrected numbers, 8 + 6 = 14. 

On the theory of volumes it consists of 1 volume of oxygen 
+ 1 vol. of gaseous carbon, the oxygen being in such a state 
of expansion as to occupy the space of two volumes. Thus 
we have 1.1025 (the specific gravity of oxygen) + 2 = .551 
+ .422 (the specific gravity of gaseous carbon) = .973, the 
specific gravity of carbonic oxide, as determined by Gay 
Lussac. ‘ 


Art. 2.—Carlon with Chlorine. 


Several attempts had been made to effect the combination 
of chlorine with carbon, by igniting charcoal in chlorine gas ; 
but, though unsuccessful, there appeared to be no reason for 
inferring a want of affinity between those two elements, which, 
from other phenomena, it seemed reasonable to conclude might 
be rendered efficient, by bringing the two bodies into contact 
in a state favourable to their union. The most probable me- 
thod seemed to be to employ some compound, in which car- 
bon exists in a minute state of division, and yet not of such in- 
timate combination, as to preclude its union with chlorine. Mr. 
Taraday, therefore, to whom we are indebted for a masterly 
set of experiments on this subject, which ended in his effecting 
the object in view, employed a compound of charcoal and hy- 
drogen, to be hereafter described uuder the nanie of olefiant gas, 
as best adapted to the purpose. At present it is only necessary 
to observe, that olefiant gas is acompound of 1 atom of car- 
bon with 1 atom of hydrogen; that when mixed with an 
equal volume of chlorine, the three elements all unite and 
form a ternary liquid compound of chlorine, carbon, and hy- 
drogen; and that, by subjecting this triple compound to the 
repeated action of fresh quantities of chlorine, the hydrogen 
may be entirely abstracted, and a binary compound of chlo- 
rine and carbon produced. | 

To prepare this substance, a retort or other glass vessel of 
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the capacity of about 200 cubic inches, provided with a brass 
cap and stop-cock, is first to be exhausted by the air pump, 
and then made to communicate with a jar filled with chlorine. 
It is next to be screwed ona vessel full of olefiant gas, and as 
much as can find admission having entered, the cock is to be 
shut, and the whole left for a heen time. When the fluid, 
composed of chlorine and olefiant gases, has formed and con- 
densed on the sides of the vessel, the vessel is again to be placed 
over olefiant gas, and a further portion admitted. This process 
is to be repeated, till all the chlorine has united to form the fluid, 
aud the vessel remains full of olefiant gas. Chlorine is then 
to be admitted by repeated portions, in consequence of which 
more of the fluid is formed, and ultimately a large portion is 
obtained, with an atmosphere of chlorine above it. The ves- 
sel is now to be exposed to the sun’s rays, which cause the 
immediate formation of muriatic acid gas. This may be ab- 
sorbed by admitting a small portion of water; and then an- 
other atmosphere of chlorine is to be introduced. Again ex- 
posed to the light, this will partly combine with the carbon, 
and partly form muriatic acid gas, which, being, as before, 
absorbed by water, leaves space for more chlorine. Re- 
peating this action, the fluid gradually becomes thick and 
opaque, from the formation of crystals in it, which at last ad- 
here to the sides of the vessel as it is turned round: and uly 
timately the vessel contains only chlorine, with the accumu- 
lated impurities of the gases; a strong solution of muriatic. 
acid coloured blue by its action on the brass; and the solid 
substance in question. | 

In order to cleanse the substance, the remaining gases are 
first to be blown out of the vessel by a pair of ag ie ‘sy and the 
vessel is then to be filled with water to wash away the muri- 
atic acid and other soluble matters ‘The new substance Is then 
to be detached from the inside of the vessel, and poured with 
the water into ajar. A little alcohol will remove the last por- 
tions which adhere to the glass, and, when poured into the 
water, will precipitate the new compound, which must be col- 
lected on a filtre, and dried as much as possible by pressure 
between folds of bibulous paper. It must next be introduced 
into a glass tube, and sublimed by a spirit lamp. A part will 
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be decomposed, but the sublimed portion is to be dissolved in 
alcohol, and poured into a weak solution of potash, by which 
the new substance is thrown down, and the muriatic acid neu- 
tralized and separated. Then wash away the potash and mu- 
riate by repeated affusions of water, until the substance re- 
mains pure; collect it on a filter, and dry it, first by pressure 
between folds of paper, and afterwards by sulphuric acid under 
the exhausted receiver of an air pump. It will now appear as 
a white pulverulent substance; and, if perfectly pure, will not, 
when a little is sublimed in a tube, leave the slightest trace of 
carbon, or afford any muriatic acid. A small portion, dis- 
solved in ether, should give no precipitate with nitrate of sil- 
ver. If not quite pure, it must be re-sublimed, washed, and 
dried, as often as is necessary. 

To this compound Mr. Faraday has given the name of 
per-chloride of carbon. When pure, it is, immediately after 
fusion, a transparent colourless substance, having scarcely any 
taste. Its odour is aromatic, and approaches that of camphor. 
Its specific gravity is as nearly as possible 2. Its refractive 
power is high, being above that of flint glass (1.5767.) It is 
very friable, easily breaking down on pressure, and when 
scratched, has much of the feel and appearance of white sugar. 
It does not conduct electricity. It is crystallizable, and the 
varieties ofits form, which are very numerous and interesting, 
result from a primitive octohedron. 

It volatilizes slowly at common temperatures, and, like cam- 
phor, passes towards the light. At 320° Fahr. it fuses, and 
boils at 360°. When condensed from these rapid sublima- 
tions, it is in so transparent and colourless a state, that it is 
difficult to perceive where it is lodged. | 

It is not readily combustible. When held in the flame of 
a spirit lamp, it burns with a red flame, emitting much smoke 
and acid fumes; but when removed from the lamp, combustion 
ceases. In an atmosphere of pure oxygen, it burns with a 
brilliant light. 

It is very sparingly soluble in water, either hot or cold, but 
dissolves readily in alcohol, especially if heated. The solu- 
tion is decomposed when poured into water, and gives reou- 
lar crystals on cooling or evaporation, but does not, with ni- 


SECT. IIT. CARBON, $51 


trate of silver, form the chloride of that metal. Ether, par- 
ticularly when heated, dissolves it, even more readily than 
alcohol. It is soluble also in volatile oils, and in fixed oils, 
but the latter solutions assume a charred appearance when 
heated. . 

It is not changed by solutions of pure alkalies, even when 
applied boiling hot; nor is it attacked by concentrated and 
heated muriatic, nitric, or sulphuric acids. 

When transmitted in vapour mixed with oxygen gas through 
ared hot tube, there is a decomposition, and mixtures of chlo- 
rine, carbonic acid, carbonic oxide, and chloro-carbonie acid, 
are evolved. It is decomposed also by per-oxide of mercury 
with the aid of heat. 

Chlorine has no action on it. Iodine either unites with it, 
or at high temperatures takes away a portion of chlorine. 
Hydrogen gas, when transmitted along with it through red- 
hot tubes, decomposes it, and muriatic acid and charcoal are 
produced. | 

Sulphur, at moderate temperatures, unites with it; at higher 
ones, removes one portion of chlorine. ‘The same effect is pro- 
duced by phosphorus. Charcoal is quite inefficient on it. 
Most of the metals decompose it with the aid of heat, forming 
chlorides, and charcoal being liberated. Per-oxides produce 
with it, at a high temperature, chlorides and carbonic acid; pro- 
toxides afford chlorides and carbonic oxide. 

In forming this substance, Mr. Faraday believes that five 
volumes of chlorine gas saturate one of olefiant, and produce 
four volumes of muriatic acid gas; that three volumes of the 
chlorine combine with the two volumes of charcoal existing in 
the olefiant gas to form the crystalline solid; and that when 
chlorine acts on the fluid compound of chlorine and olefiant 
gas, for every volume of chlorine that combines, an equal vo- 
lume of hydrogen is separated. The results of its decompo-- 
sition by per-oxide of copper, confirm these views, and tend 
to establish that the composition of per-chloride is 


3 atoms of chlorine ....s.siie.s = 108 
ditto of car: bon ee eoe dae ee eon ve ved =. 12 


ee ee 


Weight of its atom.... 120 
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Proto-chloride of Carlon. 


By passing the vapour of per-chloride of carbon over frag- 
ments of rock crystal ignited in a glass tube, the upper part of 
which is bent up and down two or three times, so that the 
angles may form receivers for the new compound, a partial de- 
composition is effected; one portion of chlorine is separated 
and escapes; and the remainder, continuing united to the 
carbon, forms a fluid substance, which may be collected and 
purified by repeated distillations. This is the proto-chloride 
of carbon. 

It is a highly limpid and perfectly colourless fluid ; its spe- 
cific gravity is 1.5526; it is a non-conductor of electricity ; 
its refractive power is 1.4875, being very nearly that of cam- 
phor. It is not combustible, except when held in the flame 
of a spirit lamp, and then it burns with a bright yellow light, 
much smoke, and fumes of muriatic acid. 

It does not become solid at 0° Fahr. When its tempera- 
ture is raised under the surface of water to between 160° and 
170°, it is converted into vapour, and remains in that:state 
till the temperature is lowered. When its vapour is passed 
over ignited fragments of rock crystal, it undergoes a partial 
decomposition. 

It is not miscible with water, but is soluble in alcohol, ether, 
and fixed and volatile oils. Neither alkaline solutions nor 
strong acids produce any effect upon it. It is not decom- 
posed by solutions of silver. Oxygen gas, at high tempera- 
-tures, forms with it carbonic oxide, and chlorine is liberated. 
Hydrogen, under the same circumstances, forms muriatic acid 
with its chlorine, and charcoal appears. The metals, at high 
degrees of heat, absorb the chlorine, and liberate charcoal ; 
oxides, according to their proportion of oxygen, form with it 
either carbonic acid or carbonic oxide. 

By analysis, effected by per-oxide of copper, it is shown to 
be constituted of 


1 atom of chlorine ass a eitte clei carne. 14 
TRUte Ol CATOON ys era's empieid « Maly cis §) 


(eerecee 


Weight of its atom eeeeove 4.2 
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FP Sulschloride of Carbon. 


A third compound of chlorine and carbon was brought over 
from Sweden by M. Julin, of Abo, where it had ea acci- 
dentally formed during the distillation of nitric acid from crude 
nitre and sulphate of iron. The quantity produced at each 
process did not exceed a few grains, which condensed in fine 
white feathery crystals in a glass tube connecting the first and 
second receiver. Its properties are described by M. Julin as 
follows: (Ann. of Phil. N. S. i. 216.) 

It is white; consists of small soft adhesive fibres; sinks 
slowly in water; is insoluble in it whether hot or cold; is 
tasteless; has a peculiar smell, somewhat resembling sperma~ 
ceti; is not acted upon by concentrated and boiling acids or 
alkalies, except that some of them dissolve a small portion of 
sulphur; dissolves in hot oil of turpentine and in alcohol, but 
most of it crystallizes in needles on cooling; burns in the 
flame of a lamp with a greenish blue flame, and a slight smell 
of chlorine; when heated melts, boils, and sublimes between 
350° and 450° Fahr., or sublimes slowly at a heat of 250°, 
forming long needles. Potassium burns with a vivid flame in 
its vapour, and charcoal is deposited ; and a solution of the 
residuum in nitric acid gives a copious precipitate with nitrate 
of silver. | 

A small quantity of this substance, having been put into the 
hands of Messrs. R. Phillips and Faraday, has been made by 
them the subject of analysis. They found that it might 
readily be purified from sulphur by boiling in liquid pot- 
ash, washing in water, drying, and subliming, when it 
formed beautiful acicular crystals, in the form of four-sided 
prisms. — 

It was decomposed into chlorine and charcoal by being 
passed over red hot fragments of rock crystal. Its vapour, 
being detonated over mercury with excess of oxygen, gave 
carbonic acid gas and chloride of mercury. When heated 
with phosphorus, iron, or tin, chlorides of those substances 
were formed, and charcoal deposited. Its analysis was elf- 
fected in two ways; by being transmitted over ignited per- 
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oxide of copper, and over dry quick- lime. Both processes 
gave results which conspire to show that it is constituted Sh 


Bess Siege 4c 1 Cay 911 aerate tediamipenin i |i 
% atoms of carbon Ee OE UR PA 


a 


Weight of its atom ..., 48 


Messrs. Phillips and Faraday have not given any name to 
this compound. It may be called, provisionally, the sub- 
chloride of carbon. 

Thus we have three distinct compounds of chlorine and 
carbon, viz. ss 

At. of Chlor. At. of Carb. 
Whe perschionide ..0 6s. te se 2 ee 


The'proto-chioride™.. 0... 1 tT 
The sub-chloride ........... 1 + 2 


It is probable that another chloride of carbon will here- 
after be found, conalsingia of two atoms of chlorine and one of 
carbon. 


———=E 


SECTION IV. 
#. 


Boron. 


Boron was first obtained by Sir H. Davy in 1808 by the 
action of Voltaic electricity on boracic acid. , When that acid, 
slightly moistened with water, was exposed between two sur- 
faces of platina to a battery of 500 pairs of plates, an olive 
brown matter began immediately to appear on the negative 
surface, and gradually increased in quantity. This substance 
was found not to be acted on by water, but to dissolve with 
effervescence in warm nitric acid. When heated to redness 
on platina, it burned slowly, and boracic acid was regenerated. 
Hence the name of loron has been applied to it. 

The same substance was afterwards obtained more abun- 
dantly by Gay Lussac and Thenard, by the action of potassium. 
Equal parts of potassium and very pure and vitreous boracic 
acid were put into a copper aber bigh was gradually heated to 
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redness, At the temperature of 302° Fahr. the mixture be- 
came suddenly red, and the metal disappeared by acting on 
the boracic acid. By washing the residuum with warm water, 
a greenish brown or olive substance was obtained, which is the 
base or radical of boracic acid. 

This substance is insoluble in water, it is destitute of taste, 
and does not affect vegetable blue colours. Mixed with 
chlorate or nitrate of potesh, and projected into a red hot 
crucible, it-burns vividly, and boracic acid is reproduced. In 
close vessels it may be exposed to a strong heat, without 
undergoing any change except an increase of density, for it 
now sinks in sulphuric acid of sp. gr. 1.844. It is a non-con- 
ductor of electricity. 

When heated to 600° Fahr. in the open air, it burns vividly, 
absorbs oxygen, and affordsboracic acid; but the coating, which 
it acquires of that acid, soon stops the combustion. ‘The quan- 
tity of oxygen absorbed by a given weight has been investi- 
gated by Gay Lussac and Thenard, and by Sir H. Davy. 
According to the latter, 100 parts of boron absorb 174 of 
oxygen. Berzelius investigated the same problem indirectly, 
and was led to conclude that 100 of boron. unite with 500 of 
oxygen to form boracic acid. Dr. Thomson,* after pursuing 
the same enquiry by different means, infers that 100 grains of 
boron condense 266.6 grains of oxygen, which are in the pro- 
portions of 6 to 16, indicating that the composition of boracic 


acid agrees exactly with that of the carbonic, as to the relative — 


proportions of base and oxygen. According to this view, 
the atom of boron weighs 6G; and each atom, to form boracic 
acid, combines with two atoms of oxygen, (8 x 2 = 16) and 
the atom of acid weighs 22. These results, however, are still 
liable to considerable uncertainty. 


Boron with Oxygen.—Boracic acid. 


_ I. This acid is very rarely to be found native; having been 
discovered hitherto only in the Lipari islands, and in the 
hot springs of Sasso in the Florentine territory. For pur- 


—— 


* Ann. of Phil. N.S. 31. 131. 
Pe 
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poses of experiment, it is obtained from the purified borax of 
commerce, by one of the following processes : 

1. To a solution of borax, in boiling water, add half its 
weight of sulphuric acid, previously diluted with an equal 
quantity of water. Evaporate the solution a little; and, on 
cooling, shining scaly crystals will appear, which consist of 
boracic acid. Let them be well washed with distilled water, 
and dried on filtering paper. ; 

2. Let any quantity of borax be put into a retort, with 
half its weight of sulphuric acid, and half its weight of water. 
Boracie acid may be obtained by distillation, and may be pu- 
rified, by washing in water, &c., as before. By neither of 
these processes, however, is it obtained perfectly pure; for 
electrical analysis discovers in it a minute portion both of 
alkali and of sulphuric acid. (Davy.) 

II. Boracic acid has the following qualities : 

1. It has the form of thin white scales, is destitute of smell ; 
and nearly so of taste. Its specific gravity is 1.479. 

2, It fuses, when heated, and loses its water of crystalliza- 
tion, which, according to Dr. ‘Thomson, amounts to 44.5 from 
100 of the crystals. If the heat be.increased suddenly, before 
it has lost its water of crystallization, it sublimes; but, other- 
wise, it melts into a glass, which is permanent in the strongest 
fire, and has the specific gravity 1.803. 

g, It is generally described as soluble in twelve parts of 
cold water, and in three or four of boiling water; but, ac- 
contig to Sir H. Davy, even boiling water does not take up 
above =!, of its weight. 

4 Tv as solution cock vegetable blue colours, and ies 
vesces with alkaline darhormies: It is remarkable, however, 
that it reddens turmeric in the same manner as alkalis. 
ie araday.) 

. It is scluble in alcohol, and the solution burns with a 
ee green flame. 

Boron with chlorine.—Boron burns ‘ith considerable splen- 
dor in chlorine gas, but the compound which it forms has 
not been investigated. The same may be said of its combina- 
tion with iodine. 
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Fluoboric Acid. 


With the view of obtaining fluoric acid gas perfectly free 
from water, Sir H. Davy and Gay Lussac appear to have 
had recourse to the same expedient, wiz. that of distilling per- 
fectly dry boracic acid with fluate of lime. When thidse sub- 
stances were exposed to a strong heat in an iron tube, in the 
proportion of one part of the former to two of powdered fluor 
spar, a gas was collected in great quantity, which exhibited 
singular properties, and to which Messrs. Gay Lussac and 
Thenard have given the name of gas fluoborique or fluoboric 
acid gas. It may, also, be obtained by distilling in a retort 
one part of vitreous boracic acid with two of fluor spar and 

12 of sulphuric acid. One hundred colon inches weigh 73.5 
grains. 

This gas, according to the latter chemists, appears to con- 
tain no water, and to have so strong an affinity for it, as to take 
it from other gases which hold water in combination. Hence, 
when mixed with most of those gases, on which it does not 
exert a chemical action, such as atmospheric air, it loses its 
transparency and becomes cloudy. 

With ammoniacal gas it unites in two proportions. If the 
alkaline gas be put first into the tube, equal measures combine 
together, and the compound is neutral. But if we admit 
fluoboric gas by bubbles to the alkaline gas, we obtain a com- 
pound, with an excess of base, consisting of one measure of 
fluoboric gas to two of ammonia. 

Fluoboric gas is absorbed copiously by water, which takes 
up 700 times its bulk, and acquires the specific gravity 1.77. 
The saturated solution has the causticity and aspect of strong 
sulphuric acid; requires for ebullition a temperature consider- 
ably exceeding 212° Fahrenheit; and is condensed again in 
striz which contain much gas. From analogy, Gay Lussac 
supposes that nitric and even sulphuric acids would, if they 
could be obtained free from water, be equally elastic with 
this acid. 

When potassium or sodium was heated in fluoboric gas, 
Gay Lussac and Thenard obtained fluate of potash or soda, 
and the base of the boracic acid was separated. 
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The liquid acid acts almost as intensely as sulphuric acid on 
vegetable substances. -It blackens paper, and affords a true 
ether with alcohol. It has no effect in corroding glass. 

From analysis, Gay Lussac and Thenard,.as well as Sir H. 
Davy, have determined it to be a compound of boracic and 
fluoric acids, in proportions not yet ascertained. 


oe - 
SECTION V. 
Phosphorus. 


PHospHorus was discovered about the year 1669 by Brandt, 
an alchemist of Hamburgh, while employed in the research 
after the art of converting the baser metals into gold and 
silver; and afterwards by Kunckel, a German chemist. But 
the method of preparing it was not publicly divulged by 
either of those persons; and it was not till 1737, that a com- 
mission, appointed by the French Academy of Sciences, was 
instructed by a stranger in the process. It consisted in eva- 
porating putrid urine to dryness, and distilling the residuum 
at an intense heat in a stoneware retort. Margraff improved 
the process by adding a salt of lead to the urine; and in 1769 
Gahn, of Sweden, here discovered the phosphoric acid in 
bones, invented the methid of preparing phosphorus which 
is now generally followed. 

I. Phosphorus is an inflammable substance, and is distin- 
guished by the following external characters. 

(a) It has generally a flesh-red colour, but, when carefully 
purified, may be obtained colourless, and perfectly transpa- 
rent. Its specific gravity is 1.77. It is necessary to preserve 
it under water in well-closed bottles. 

(L) It is so soft that it readily yields to the knife. 

(c) It melts at about 109° or 110° Fahrenheit, and boils at 
550°. When melted, it must be covered with water, in order 
to prevent it from inflaming. Exposed to a heat of between 
140° and 160° Fahrenheit, and suddenly cooled, it becomes 
black; but, if slowly congealed, it remains transparent and 
colourless: when cooled at a moderate rate, it assumes the 
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semi-transparency ofhorn. According to Thenard, however, 
it is not all phosphorus that exhibits these properties, but only 
that which has undergone repeated distillations. 

(dz) In the atmosphere it emits a white smoke, and a pecu- 
liar smell; and a faint and beautiful light arises from it; but 
these appearances do not take place in air which has been 
artificially dried. 

If a cylinder of phosphorus be futredlti@ed into a vessel of 
oxygen gas over mercury, at a temperature not exceeding 
80° Fahrenheit, no perceptible absorption will happen in 24 
hours; but if, the steiner stats remaining the same, the pres- 
sure be diminished to 4th or ~4, th that of the atmosphere, the 
phosphorus will be strerounded by white vapours, will be- 
come luminous in the dark, and will absorb oxygen. Under 
ordinary pressures, a higher temperature is required to pro- 
duce this effect ; but it is remarkable, that if the density of the 
oxygen be reduced in the above proportion, by mixing it with 
azote, hydrogen, or carbonic acid, the phosphorus becomes 
luminous. Hence phosphorus absorbs oxygen from .atmo- 
spheric air with an extrication of light. 

If. Phosphorus is inflamed by the application of a very 
gentle heat. According to Dr. Higgins, a temperature of 60° 
is sufficient to set it on fire, when perfectly dry. It burns 
when heated to about 148°, with a very brilliant light, a white 
smoke, and a suffocating smell, and may even be inflamed in 
an atmosphere rarefied sixty times. (Van Marum.) 

1. It may be set on fire by friction. Rub a very small bit 
between two pieces of brown paper ; the phosphorus will in- 
flame, and will set the paper on fire also. 

2. In oxygen gas it burns with a very beautiful light; and 
also in nitrous sabes and chlorine gases. The product of the 
rapid combustion of phosphorus in oxygen gas is exclusively 
phosphoric acid. 

III. Phosphorus is volatile at 550°. Hence it may be raised 
by distillation; but, to prevent its taking fire on the applica- 
tion of heat, the retort should previously be filled with azotic 
or hydrogen gas, and the mouth of the retort be immersed in 
water. 

To accomplish this, the quantity of phosphorus, which it is 
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intended to rectify, should first be put into the retort, with a 
sufficient portion of water to cover it. The water must then 
be made hot enough to melt the phosphorus, which, on cool- 
ing, forms a compact mass, of the shape of the bottom of the 
retort. When cold, fill the retort, and its neck also, with 
water, and invert it in water. Displace the water by hydrogen 
gas, forced from a bladder through a bent pipe; keep the finger 
on the open end of the retort neck; place it in a sand bath; 
and immerse the mouth of it in water. ‘Then apply heat very 
cautiously. A bladder should_also be provided, furnished 
with a stop-cock and brass pipe, and filled with hydrogen 
gas. During the distillation, the gas, in the retort, is ab- 
sorbed, and it is. necessary to add more from the bladder, 
otherwise the water will rush into the retort, and occasion an 
explosion. By distillation, in this mode, phosphorus is 
rendered much purer. In the neck of the retort a substance is 
condensed of a beautiful red or carmine colour, which isa 
combination of carbon and phosphorus, or a phosphuret of 
carbon. Thenard observes that phosphorus, however frequently 
distilled, cannot be freed entirely from charcoal, a minute 
quantity of which does not impair its whiteness or trans- 
parency. . 

The only information, which we. possess, respecting the 
nature of phosphorus, is derived from the electro-chemical re- 
searches of Sir H. Davy. When acted upon by a battery of 
500 pairs of plates in the same manner as sulphur, gas was, 
produced in considerable quantities, and the phosphorus be- 
came of a deep red-brown colour. The gas proved to be phos- 
phureted hydrogen, and was equal in bulk to about four times 
the phosphorus employed. Hence hydrogen may possibly be 
one of its components; but no confirmation of the truth of 
this view is derived from the recent experiments of the same 
philosopher, which, indeed, are rather contradictory to it. 


Art. 1.—Phosphorus and Oxygen. 


Phosphorus may be oxygenized in various modes,* 


* On the oxides of phosphorus, see Nicholson’s Journal, vi. 134. 
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(a) By exposure to atmospheric air. Let a stick of phos- 
phorus be placed in a funnel, the pipe of which terminates in 
an empty bottle. ‘The phosphorus will be slowly oxygenized, 
and, after some time, will be changed into an acid, which will 
fall into the bottle in a liquid state. 

A large quantity of acid may be obtained, if a number of 
sticks be thus exposed: and as they would be in danger of 
taking fire, if heaped together, each stick should be enclosed 
in a glass tube, of rather larger diameter than itself. These 
tubes must be disposed round a funnel, the pipe of which 
terminates in a bottle. The whole should be covered by a bell- 
shaped receiver, the air of which is to be frequently changed. 
The acid thus obtained is a mixture of phosphorous and phos- 
phoric acids, &c. Dulong, indeed, believes it to be a distinct 
compound, for which he has proposed the name of phosphatic 
acid.* But this view of its composition is not supported by 
the recent investigations of Sir H. Davy, who still considers 
it as a mixture of the two well-known acids of phosphorus. 

Phosphorus, kept under water in a bottle partly filled with 
that fluid, and into which fresh air is occasionally admitted, 
becomes slowly oxygenized, partly into a soluble compound 
which the water takes up, and partly into a white substance 
that invests the sticks of phosphorus with an insoluble crust. 
This appears to be an oxide of phosphorus. 

When phosphorus is burned in a quantity of atmospheric 
air much short of that which is required to consume it, the 
unburned portion consists of a red oxide, mixed with uncon- 
sumed phosphorus and phosphoric acid. The red substance 
is an oxide of phosphorus, but neither the precise composition 
of this nor of the white oxide has been yet ascertained. It 
has been conjectured, indeed, that the white compound is a 
hydrate, composed of water united with the red oxide. 

When phosphorus is burnt in highly rarified air, three pro- 
ducts are formed—a red solid comparatively fixed, and requir- 
ing a heat above 212° for its fusion—a white and easily volatile 
substance, which is combustible, soluble in water, and has acid 
properties—and a substance, which is strongly acid and not 


* Phil. Mag. xlviii. 273. 
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volatile, even at a white heat. The first appears to be a 
mixture of unburned phosphorus and phosphorous acid; the 
second to be phosphorous acid; and the third to be phos- 
phoric acid. 

(L) Phosphorus inflames vividly i in oxygen gas. When burnt 
in this manner, every hundred parts of phosphorus, according 
to Lavoisier, gain an addition of 154. From this result, a 
subsequent one of Sir H. Davy scarcely differs, viz. that 100 
erains of phosphorus condense 450 cubic inches, or 153 grains, 
of oxygen gas; but having examined the subject anew, with 
every attention to the accuracy of his results, and with the ad- 
vantage of improved methods of operating, he found that, 

taking an average of three experiments, 100 grains of phos- 
heat coadnna only 135 grains of oxygen. In this estimate, 
100 cubic inches of oxygen gas are assumed to weigh 33.9 
grains, the barometer being at 28.8 inches, and Ralireriheit’s 
thermometer at from 46° to 49°. 

(c) By the nitric acid. If phosphorus be canutieladl added, 
by small fragments at once, to nitric acid, heated in a retort, 
the nitric acid is decomposed, and its oxygen, uniting with 
the phosphorus, constitutes phosphoric acid. A tubulated 
retort must be used for this purpose; and its neck may termi- 
nate in the apparatus already described for procuring nitric 
acid. . By this contrivance a considerable quantity of nitric 
acid will be saved. ‘The liquid, remaining in the retort, may 
be heated in an open capsule to a thick consistence, in order to 
expel the redundant nitric acid, and also to drive off a portion 
of ammonia, which Mr. R. Phillips has observed to be formed 
during the action of the nitric acid, the nitrogen of which 
unites with hydrogen liberated at the same moment by the 
decomposition of water, 


Phosphorous Acid. 


Phosphorous acid cannot, according to Sir H. Davy, be 
obtained pure by exposing cylinders of phosphorus to atmo- 
spheric air; for, when thus prepared, it always contains phos- 
phoric acid. It can only be procured in a state of purity, 
first, by subliming phosphorus through corrosive sublimate ; 
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then mixing the product with water and heating it, till it 
becomes of the consistence of syrup. The liquid obtained is 
a compound of pure phosphorous acid and water, which be- 
comes solid and crystalline on cooling. It is acid to the 
taste, reddens vegetable blues, and unites with alkalies. 

The theory of this process is, that when the compound of 
phosphorus and chlorine, formed in the first operation, is 
brought into contact with water, the water is decomposed ; its 
hydrogen uniting with chlorine composes muriatic acid; and 
its oxygen combining with phosphorus forms phosphorous 
acid. From this mixture of acids, heat expels the muriatic. 

The phosphorous acid exhales a disagreeable foetid odour ; 
and yields, when strongly heated, penetrating white vapours. 
When heated in a glass ball, blown at the end of a small tube, 
a gas issues from the orifice of the tube, which inflames on 
coming into contact with the atmosphere. Hence it appears 
to contain an excess of phosphorus. The residuum in the 
ball is phosphoric acid. From the experiments of Rose on 
the phosphoric acid, Gay Lussac infers that phosphorous 
acid must consist of 


: Phosphorus... 56.8],.....100 «... 182 
yen oie cg BOD eee Gi wes gp BOO 


100. 


These proportions do not differ materially from those stated 
by Dulong, who makes phosphorous acid to consist of 100 
phosphorus + 74.88 oxygen.* They agree, also, still more 
nearly, with the following statement of Berzelius, according 
to whom this acid consists of 


Phosphorus...... 56.524 ...... 100. 
Oxyzen IETS. ASR GE Ah «F698 


100.+ 


Sir H. Davy, however, ‘after a careful investigation of the 
constitution of phosphorous acid, has more lately been led to 


* Phil. Mag, xlviji. 273. + Ann. de Chim. et Phys. ii, 227. 
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conclude that the oxygen, which it contains, is just one half of 
that existing in phosphoric acid; or that, in the former, 100 
grains of phosphorus are united with only 67.5 of oxygen. 
Hence 100 grains of phosphorous acid must consist of 


PTiGspuCrus soa Ss 20 ss +) DUET 
RIX VOCIN oles aoa aan fs 40.3 


ae ee 


100. 


And phosphorous acid, being probably constituted of 1 atom 
of oxygen, ++ I atom of esstharne the weight of the latter 
atom may be inferred to be 11.62, or in round numbers 12. 
Phosphorous acid, then, will be represented by 12 + 8 = 20. 


Fypo-phosphorous or Per-phosphorous Acid. 


When phosphuret of barytes, carefully prepared, is made 
to act on water, two distinct compounds are generated, viz. 
phosphate of barytes, which, being insoluble, is readily se- 
parated by filtration; and a soluble salt of barytes, which 
passes through the filter. To the latter compound, sulphuric 
acid is to be added, in quantity just sufficient to separate the 
barytes. The acid solution which remains, when concentrated 
by evaporation, yields a viscous fluid, strongly acid and un- 
erystallizable. By a still stronger heat, this substance is de- 
composed ; phosphureted hy ae ogen is developed; a little 
phosphorus is sublimed; and indeplicile acid remains in 
the retort.* 

The compounds of this new acid, with alkaline and earthy 
bases, are remarkable for their extreme solubility. Those of 
barytes and strontites crystallize with great difficulty. The 
hypo-phosphites of potash, scda, and ammonia, are soluble, in 
all proportions, in. highly rectified alcohol. ‘That of potash 
is even more deliquescent than muriate of lime. They absorb 
oxygen slowly from the air, and when heated in a retort give 
the same products as the acid itself. 

In order to ascertain the proportions of the elements of this 


* Dulong, 48 Phil, Mag. 271. 
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acid, Dulong, its discoverer, converted a known quantity of it 
into phosphorie acid by means of chlorine, whence he infers 
it to consist of 


POOUOTUS «cue ss LTS 1. ac, - 1100 
MYON os ars nant CR es aaa 9 gh 


100. 


These results are calculated on the supposition that hypo- 
phosphorous or per-phosphorous acid is a binary compound 
of oxygen and phosphorus; but it is doubtful whether it may 
not bea triple compound of oxygen, phasphorus, and hydro- 
gen, or a hydracid ; in which case its proper. appellation 
would be hydro-phosphorous acid. 

In his able investigation of the compounds of phosphorus, 
Sir H. Davy admits the existence of the new acid of Dulong, 
but deduces different proportions of its elements. ‘The oxy- 
gen of this acid he infers to be precisely half of that which 
exists in phosphorous acid; or that 100 of phosphorus are 
united with 33.750 oxygen. But it has been already shown 
to be probable that phosphorous acid is compesed of an atom 
of each of its elements; and it may, therefore, be inferred that 
hypo-phosphorous acid is constituted of one atom of oxygen 
weighing 8, and two atoms of phosphorus weighing 12 x 2 
= 24, and the weight of the compound atom may be repre- 
sented by 32. 


Phosphoric Acid. 


I. To prepare this acid, the combustion of phosphorus may 
be employed; but the following is the most economical method. 

On 20 pounds of bone, calcined to whiteness and finely 
powdered, pour 20 quarts of boiling water, and add 16+ 
pounds* of sulphuric acid, diluted with an equal weight of 
water. Let these materials be well stirred together, and be 
kept in mixture about 24 hours. Let the whole mass be next 
put into a conical bag of sufficiently porous and strong linen, 
in order to separate the clear liquor, and let it be washed with 


-* These are the proportions recommended by Pelletier and Dalton, A 
much less quantity of sulphuric acid is generally prescribed. 
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water, till the water ceases to have much acidity to the taste. 
Evaporate the strained liquor in earthen vessels, placed in a 
sand-heat, and, when reduced to about half its bulk, let it 
cool. A white sediment will form in considerable quantity, 
which must be allowed to subside; the clear solution must be 
decanted, and boiled to dryness in a glass vessel. A white 
mass will remain, which is the dry phosphoric acid. This 
may be fused in a crucible, and poured out on a clean copper 
dish. A transparent glass is obtained, which is the phos- 
phoric acid in a glacial state; not, however, perfectly pure, 
but containing sulphate and phosphate of lime.—-According 
to Fourcroy and Vauguelin, it is, in fact, a super-phosphate of 
lime, containing, in 100 parts, only 30 of uncombined phos- 
phoric acid, and 70 of neutral phosphate of lime; but when 
prepared with the full proportion of sulphuric acid, Mr. 
Dalton finds only from 8 to 12 per cent of the calcareous 
phosphate. To separate the latter, Dr. Higgins neutralized 
the acid liquor, obtained by the action of sulphuric acid on 
bones, with carbonate of ammonia; the neutral liquor was 
decanted and evaporated till a portion of it taken out deposited 
crystals on cooling; and was then poured while hot into a 
thin glass balloon, which was placed on the sand bed of a 
reverberatory furnace. The mouth of the balloon being 
covered with an inverted crucible, the fire was gradually raised 
till the sand pot was obscurely red. In this way, the sulphate 
of ammonia, and ammonia that neutralized the phosphoric 
acid, were both expelled; and the phosphoric acid remained 
in the form of a transparent colourless glass, still retaining a 
minute quantity of ammonia.* ‘The glacial acid may also be 
prepared from perfectly pure phosphoric acid, which has 
been made by acting on phosphorus with nitric acid. It is 
remarkable that, according to the experiments of Berthier, 
it contains at least one fourth its weight of water, a propor- 
tion which could scarcely have been expected in so hard a 
substance. 

To procure the phosphoric acid in quantity, and at the 
same time perfectly pure, the oxygenation of phosphorus by 


* Minutes of a Society, p. 252. 
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nitric acid is the most effectual though an expensive process 
(c, of the preceding article). The acid may be evaporated to 
dryness in a glass capsule; and the dry mass, when fused, 
affords glacial phosphoric acid. 

II. The phosphoric acid has the following properties : 

(a) When pure it dissolves readily in water. That obtained 
immediately from bones is rendered insoluble by the admix- 
ture of earthy salts. But the glacial acid prepared with nitric 
acid is readily soluble. 

(4) It is not volatile, nor capable of being decomposed by | 
heat only, nor does it emit any smell when ented: 

(c) It is composed, according to the experiments of Rose 
on the combustion of phewiianmas in oxygen gas, (the cor- 
rectness of which is admitted by Dr. Wollaston, in his table 
of equivalents,) of 


Phosphorus....... +. 46.72 e008 8 @ 100. 
Wg PAS gee ATE OE RENEE BY 


100. 


Dulong investigated the composition of phosphoric acid, by 
finding how much chlorine is absorbed by phosphorus pre- 
viously combined with a base. He then deduced the oxygen, 
from the quantity known to be the equivalent of the chlorine, 
which had disappeared. In this way, he estimates the com- 
position of phosphoric acid to be 


EWOSPUOIUS ccc os tes FEES oye nes TUU- 
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100. 


Berzelius, by a still more complicated process, obtained 
results, the average of which gives 100 phosphorus to 127.5 
oxygen.* 

But if 235 parts of phosphoric acid, as appears from the 
recent experiments of Sir H. Davy, with which those of Dr. 


* Ann, de Chim, et Phys, 1. 222. 
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Thomson agree, consist of 100 Eapaploont, and 135 oxygen, 
100 grains must contain 


Phosphords se AML 8S 
Oxygen ®seeovvese eevee 6 ® 57.45 


100. 


This would very nearly accord with the notion, that phos- 
phoric acid is constituted of one atom of phosphorus, weigh- 
ing 12 and two atoms of oxygen = 16, and the weight of 
the atom of phosphoric acid will, therefore, be 28. It ap- 
pears, then, that we have three acids with base of phosphorus, 
which are constituted as follows: 


Atomsof Atoms of Weight of 
Phosph. Oxyg. Atom. 


Hypo-phosphorous acid..... 2 + 1 .... $2 
Phosphorous acid... 0:0 sia. dat ol Eee ueo 
Phosphoric-acid®c0% ...43000d: PPS 28 


(2) When distilled in an earthen retort with half its weight 
of powdered charcoal, glacial phosphoric acid is decomposed ; 
its oxygen, uniting with the carbon, forms carbonic acid, and 
phosphorus, in quantity equal to about 4 of the acid, rises in 
a separate state. ‘This is the usual and West mode of obtaining 
phosphorus. 

The phosphoric acid of bones may either be employed for 
this purpose in the state of glass, finely powdered; or to the 
evaporated acid, when acquiring a thick consistence, powdered 
charcoal may be added, in sufficient quantity to give it 
solidity. In the latter mode, however, unless the heat is very 
cautiously raised, the materials are apt to swell, and to boil - 
over. ‘The mixture of acid and charcoal is to be put into a 
stone-ware retort, coated with Willis’s lute, the neck of 
which is lengthened out by a tin pipe. The open end of the 
pipe is to be immersed in a vessel of water. The heat is to 
be slowly raised, and at length made very intense. An 
enormous quantity of gas escapes, which takes fire on coming 
into contact with the atmosphere; and the phosphorus distils 
over in drops, which congeal in the water. As it is apt also 
to condense in, and to stop up, the neck of the retort and tin- 


SECT. V. PHOSPHORUS. | 369 


pipe, it must be occasionally melted out of these, by a shovel 
full of hot cinders, held under them. The process is rather 
a troublesome one; and though it is proper that the student 
should perform it, in order to complete a course of experi- 
ments, it will be found more economical to purchase the phos- 
phorus which may be required for use. 

Phosphorus may also be procured, by adding to urine a 
solution of lead in nitric acid, which precipitates a phosphate 
of lead. This, when well washed, dried, and distilled in a 
stone-ware retort, yields phosphorus.* Or a solution of phos- 
phate of soda (which may be bought at the druggists), mixed 
with one of acetite of lead, in the proportion of one part of 
the former salt to 11 of the latter, yields a precipitate of phos- 
phate of lead, from which phosphorus may be procured by 
distillation with charcoal, but at considerably more expence. 


Art. 2.—Combinations of Phosphorus with Chlorine. 


There are two compounds of chlorine and phosphorus. 

1. Bi-chloride or Per-chloride. When phosphorus is intro 
duced into chlorine gas, it takes fire spontaneously, and burris 
_with a pale flame; and a white solid condenses on the sides of 
the vessel. In an experiment of Sir H. Davy, conducted 
with great care, 4 grains of phosphorus condensed 31.9 cubic 
inches (barometer 30.1, thermometer 46°) of chlorine gas, 
equivalent to very nearly 241 grains, or six times its weight. 
Therefore 100 grains of phosphorus, to form this compound, 
condense 600 grains of chlorine; and as 36 of chlorine ap- 
pear, from a variety of facts, to be equivalent to 8 of oxygen, 
the above 600 grains are, by the rule of proportion, the equi- 
valent of 135 of oxygen; and thus is derived a collateral 
proof that phosphoric acid is constituted of 100 phosphorus 
+ 135 oxygen by weight. 

The solid compound of phosphorus and chlorine is volatile 
at a temperature below 212° Fahrenheit. It acts violently on 
water, the hydrogen of which forms, with the chlorine, mu- 
riatic acid; while the oxygen forms, with the phosphorus, 
phosphoric acid. When transmitted with oxygen gas through 


* See Crell’s Journal, Translation, iii. 36. 
VOL. I. 2B 
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a red hot porcelain tube, chlorine is evolved, and phosphoric 
acid is formed, showing that, at high temperatures, the affinity 
of oxygen for phosphorus is stronger than that of chlorine. 

2. Chloride or Proto-chloride. ‘Though this compound may - 
be obtained by heating the per-chloride with a due proportion 
of phosphorus, yet a better method of preparing it is (as Sir 
H. Davy recommends) to pass the vapour of phosphorus over 
corrosive sublimate, heated in a glass tube. By this process, 
proto-chloride of mercury (calomel) is formed, and the re- 
maining atom of chlorine unites with the phosphorus. The 
result is a liquid of the specific gravity 1.45, which does not 
itself redden litmus paper, though its fumes produce this 
effect, in consequence of being rendered acid by contact with 
the moisture of the air. The acid, which results from its 
action on. water, is the phosphorous, which is best procured 
by the intervention of this chloride. -At.the same time muri- 
atic acid is formed, by the union of chlorine with the hy- 
drogen of the water. 

In this chloride, the chlorine exists in half the quantity 
which constitutes the perchloride, that is, 100 grains of phos- 
phorus are united with 300 of chlorine. But in phosphorous 
acid, 100 grains of phosphorus are combined with 67.5 of 
oxygen, which last number is, therefore, the equivalent of 
300 chlorine. Now as 67.5 to 300, so is 8 to 36; indicating 
that in the chloride of phosphorus, its elements are united atom 
to. atom; while in the per-chloride, two atoms of chlorine are 


combined with one of phosphorus. 


Atoms of Atoms of Weight 
Phosph. Chlor. of Atom 


Chloride of phosphorus 1 + 1 .. 48 
Perchloride . 3....0081 + 2.4 84 


Art. 3.—Phosphorus with Iodine. 


Phosphorus and Iodine combine at the temperature of the 
atmosphere, according to Sir H. Davy, evolving much heat, 
but no light; but, according to Thenard, with a disengage- 
ment both of light and heat. The result is an iodide of phos- 
phorus, of a reddish brown colour, the solidity, fusibility, and 
volatility of which vary with the proportions of its ingredients. 

| 2 
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If both the phosphorus and iodine are dry, no gas is given out 
during their combination; but, when slightly moistened, 
hydriodic acid is formed, by the union of iodine with the hy- 
drogen of the water; a little subphosphureted hydrogen is 
produced ; and phosphorous acid remains in solution. The 
hydriodic acid gas is also formed, when the phosphuret of 
iodine, produced from dry materials, is added to water. 


ae 
SECTION VI. 


Sulphur. 


I. Tue sulphur, which occurs as an article of commerce, is 
a mineral production, and is brought to this country chiefly 
from Sicily. ‘That which is procured in our own island, is 
generally of very inferior quality, and contains a portion of 
the metal, from combination with which it has been separated. 
It is met with under two different forms; of a compact solid, 
which has generally the shape of long rolls or sticks; and of 
a light powder called flowers of sulphur. In general, the latter 
may be considered as most pure; but the two varieties, it will 
presently appear, are readily convertible into each other by 
the modified application of heat. Its specific gravity is 1.98 
or 1.99. When rubbed it emits a peculiar smell, and becomes 
negatively electric. 

II. Sulphur is readily fused and volatilized. When heated 
to 170° of Fahrenheit, it begins to evaporate, and to produce 
a very disagreeable smell; at 185° or 190° it begins to melt; 
and at 220° is completely fluid. Ifthe heat be rapidly in- 
creased, it loses at 350° its fluidity, and becomes firm, and of 
a deeper colour. It regains its fluidity, if we reduce the tem- 
perature; and this may be repeated at pleasure, in close glass 
vessels, if the changes of heat be not slow; otherwise it is 
volatilized. It sublimes at 600°; and, according to the greater 
or less quickness of the process, and the size of the condensing 
chamber, may be collected either in a solid form or in that of 
flowers. (Thenard, i. 197.) 


III. If, after being melted, it be suffered to cool, it congeals 
282 
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in a crystalline form, but so confusedly, that we cannot define 
the shape of the crystals, farther than that they are slender 
interlaced fibres. If a large mass be kept fluid below, while 
it congeals at tne surface, the crystallization there is much 
‘more distinct. When sulphur in complete fusion, viz. at 300°, 
‘is poured into water, it becomes tenacious like wax, and may 
be applied (as is done by Mr. Tassie) to take impressions from 
engraved stones, &c. These impressions are quite hard, when 
the sulphur has become cold. It is then of a red colour, and 
of the specific gravity 2.395. 

IV. At the temperature of about 290° Fahrenheit, sulphur 
is converted into vapour ; and if this operation be conducted 
in close vessels, the volatilized sulphur is again collected in a 
solid form. "What remains has been called sulphur vivum. 
This affords an example of the process of sublimation, which 
differs from distillation, in affording a solid product, while the 
latter yields a condensed liquid. . In this mode, sulphur may, 
in part, be purified; and its purification is completed, by 
boiling it repeatedly in distilled water; then in twice or thrice 
its weight of nitro-muriatic acid, diluted with one part of dis- 
tilled water; and, finally, by washing it with distilled water, 
till this comes off tasteless, and incapable of changing the blue 
colours of vegetables. 

V. When flowers of sulphur are digested in alcohol, no 
union takes place; but if the two bodies be brought into con- 
tact, when both are in a state of vapour, they enter into che- 
mical union, ‘This may be shown by an ingenious experiment 
of La Grange, the apparatus for performing which is repre- 
sented in the first plate of his “ Manual.”. Into a glass alembic 
(see the plates to this work, fig. 2) put a little sulphur; over 
this suspend a small bottle filled with alcohol; and apply a 
receiver to the pipe of the alembic, the head being put into 
its place. Lute the junctures, and apply a gentle heat to the 
alembic. The sulphur will now be raised in vapour; and the 
vapour surrounding the bottle of alcohol, the latter will be 
volatilized, and will meet in this state the fumes of sulphur. 
A combination will take place between the two bodies, and 
sulphurized alcohol will pass into the receiver. Gn pouring 
this preparation into water, the sulphur will be precipitated. 
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Sulphur is perfectly soluble in boiling oil of turpentine, 
which may be employed as a means of determining its purity. 

VI. Though it had already been suspected (chiefly from 
the experiments of M. Berthollet, jun.) that sulphur contains 
hydrogen, yet the first unequivocal evidence of the fact was 
furnished by Sir H. Davy. A bent glass tube, having a 
platinum wire hermetically sealed into its upper extremity, 
was filled with sulphur. The sulphur was melted by heat; 
and a proper connection being made with the Voltaic appa- 
ratus of 500 double plates, each six inches square and highly 
charged, a most intense action took place. A very brilliant. 
light was emitted ; the sulphur soon entered into ebullition ; 
elastic matter was evolved in great quantities; and the sul- 
phur, from being of a pure yellow, became of a dark reddish 
brown tint. The gas was found to be sulphureted hydrogen, or 
hydrogen gas holding sulphur is solution; and its quantity, 
in about two hours, was more than five times the volume of the 
sulphar employed. 

Another proof of the presence of hydrogen in sulphur is 
derived from the action of potassium; for these two bodies 
combine with great energy, and evolve sulphureted hydrogen, 
with intense heat and light. 

Lastly, when dry abide is burned in dry oxygen gas, Sir 
H. Davy 1 is of opinion that, besides sulphuric acid, a portion 
of water is also formed; but he is still doubtful. whether the 
hydrogen i in sulphur can be considered as any thing more than 
an accidental ingredient. This view of the subject is em- 
braced, also, ee Berzelius,* who found, by heating sulphur 
with oxide cf lead, that the quantity of water produced is 
much too minute to indicate any definite proportion of hydro- 
gen in sulphur. 

Another ingredient of sulphur, it appeared probable from 
the experiments of Sir H: Davy, is oxygen. For potassium, 
after, being made to act on sulphureted hydrogen gas, evolved 
less hydrogen from water, than it ought to have done. It 
has since, however, been proved by Gay Lussae,+ that when 
all sources of fallacy are avoided, a given weight of potassium, 


* 79 Ann. de Chim. 119. + Ann, de Chim. vol. xxiii. 
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which has been exposed to sulphureted hydrogen, separates 
exactly fhe same volume of hydrogen gas from water, as an 
equal weight of recent metal. Potassium, therefore, acquires 
no oxygen, from the sulphur which is contained in sulphureted 
hydrogen. 


Art. 1.—Sulphur with Oxygen. 


Sulphur is inflammable, and appears susceptible of two 
distinct combustions, which take place at different tempe- 
ratures.* At 140° or 150° Fahrenheit, it begins sensibly to 
attract oxygen; and if the temperature be raised to 180° or 
190°, the combination becomes pretty rapid, accompanied by 
a faint blue light. But the heat evolved is scarcely sensible ; 
at least it is so weak, that the sulphur may thus be burned 
out of gunpowder, and the powder be rendered useless with- 
out inflaming it. At a temperature of 300°, its combustion, 
though still feeble compared with that of some other bodies, is 
much more active, and accompanied with a redder light. 
When set on fire in oxygen gas, it burns with a very beautiful 
and brilliant light ; but of a given quantity of oxygen gas, it 
is not possible to condense the whole by this combustion, for 
reasons which hereafter will be stated. ‘The product of these 
combustions, when examined, will be found to be sulphurous 
and sulphuric acid, but chiefly the former, and if water be 
-earefully excluded, sulphurous acid only is formed. It is ne- 
cessary, therefore, in order to produce sulphuric acid, to make 
the experiment over water. 


Sulphuric Acid. 


Sulphuric acid has been known ever since the time of Basil 
Valentine, who appears to have discovered it about the close 
of the 15th century. It was first extracted from sulphate of: 
iron by distillation, and afterwards formed by the combustion 
of a mixture of-about 1 part of nitre, and 6 or 8 of sulphur in 
large glass vessels over water. For glass vessels, in process of 
time, large leaden chambers, having a stratum of water floating 
on the bottom, came to be substituted. The history of the 


* For an account of the oxides of sulphur, see Dr. Thomson’s paper in 
Nicholson's Journal, vi. 101. 
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successive improvements of its manufacture in this country 
has been given at length by Mr. Parkes, in the second volume 
of his. Chemical Essays. 

The properties of this acid may be exhibited by a portion of 
that usually found in the shops. They are as follows: 

(a) Sulphuric acid has a thick and oily consistence ; as may 
be seen by pouring it from one vessel into another. 

(l) In a pure state, it is perfectly limpid and colourless. 

(c) When mixed suddenly with water, considerable heat is 
produced. Four parts, by weight, of concentrated sulphuric 
acid, and one of water, when mixed together, each at the tem- 
perature of 50° Fahrenheit, have their temperature raised to 
300°. When an ounce of water has been suddenly mixed 
with three of sulphuric acid, and the mixture been suffered 
to cool to the temperature of the atmosphere, an additional 
half oz. of water raises it to 86°, a second to 96°, and a third 
to 104°.* The greatest elevation of temperature, Dr. Ure 
finds to be occasioned by the sudden mixture of 73 parts by 
weight of strong sulphuric acid with 27 of water. This rise of 
temperature takes place, because the affinity or capacity of the © 
compound of sulphuric acid and water for caloric, is less than 
that of the acid and water separately. A diminution of bulk 
also ensues; that is, one measure of acid and one of water.do 
not occupy the space of two measures, but about =;th less ; 
and the greatest condensation results, when those proportions 
are used, which give the greatest my Ape of temperature. 
Owing to the heat produced by its admixture with water, the _ 
dilution, for ordinary purposes, should be conducted very 
gradually; and the acid should be added to the water by small 
portions at once, agitating the mixture after each addition, 
and allowing each portion to cool before a fresh addition is 
made. On the principle of its attraction for water is to be ex- 
plained, also, the rapid increase of weight which the sulphuric 
acid acquires when exposed to air. In one day, three parts 
of concentrated sulphuric acid, exposed to the atmosphere, 
are increased in weight one part; and one ounce, by twelve 
months’ exposure, has been found to gain an addition of 63. 


* Philips on the London Pharmac. p. 24. 
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(d) Perfectly pure sulphuric acid remains quite limpid dur- 
ing dilution. The sulphuric acid, however, commonly found 
in the shops, under the name of oil of vitriol, on admixture 
with water, deposits a white powder, in considerable quantity, 
consisting of various impurities, but chiefly of sulphate of 
lead. Berzelius has found, also, a minute quantity of titanium 
in sulphuric acid of English manufacture, and tellurium in 
acid prepared at Stockholm.* By evaporating 100 parts of 
sulphuric acid of commerce in a platinum dish, Dr. Ure has 
obtained from one half to three quarters of a grain of solid 
matter, consisting of about two parts of sulphate of potash and 
one of sulphate of lead.f . 

(e) Sulphuric acid is nearly twice as heavy as water. The 
specific gravity of the strongest pure acid that can be obtained, 
is 1.850; but even this contains 19 (according to Dr. Wollas- 
ton, 18.44) per cent. of water, which appears essential to its 
constitution, and can only be separated by combining the acid - 
with a base. Dr. Ure states that genuine commercial acid 
should not exceed 1.8485. “When denser, its purity may be 
suspected. It has been ascertained, by Mr. Dalton, that acid, 
of nearly the maximum strength, has its specific gravity very 
little altered, by adding or subtracting small portions of wa- 
ter. Thus acids, containing 81 and 80 per cent. of acid, do 
not differ more than 1 in the third place of decimals; nor is 
the specific gravity proportionally changed by dilution till it 
falls as low as 1.78. The strength of the more concentrated 
acid may be better ascertained, by observing how much water 
is required, to bring it down to the specific gravity 1.78. 
The boiling point, also, Mr. Dalton has discovered, is a much 
better test of its strength; and he has constructed the follow- 
ing useful Table, in which account is taken of all these cir- 
cumstances. 


* Thomson’s Annals, x. 464. + Journ. of Science, iv. 115. 
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Mr. Dalton’s Table of the Quantity of real Acid in 100 Parts of 
Liquid Sulphuric Acid, at the Temperature 60° Fahrenheit. 


Real Acid Real Acid 


Atoms Shasta is re 
Acid Water. | Percent. by | per cent. by iecemsdaiee Heol 
1+ 0 100 unknown. | unknown. | unknown. 
: ae 81 150 1.850 620° 

$0 148 1.849 605° 

79 146 1.848 590° 

78 144 1.847 575° 

77 142 1.845 560° 

76 140 1.842 545° 

75 138 1.838 530° 

74 135 1.833 515° 

73 133 1.827 501° 

72 131 1.819 487° 

71 129 1.810 47 3° 

70 126 1.801 460° 

69 124 1.791 447° 

1+ 2 68 121 1.780. 435° 
67 118 1.769 422° 

66 116 1.757 410° 

65 113 1.744: 400° 

64: 111 1.730 391° 

63 108 1.715 382° 

62 105 1.699 374° 

61 103 1.684 367° 

60 100 1.970 360° 

1” Fills 58.6 97 1.650 350° 
50 76 1.520 290° 

Ln she 40 56 1.408 260° 

1 +10 30 39 1.30+ 240° 
1 +17 20 QA 1.200 294° 
1 +38 10 11 1.10— 218° 


It has been ascertained by Dr. Ure that by adding about 
21 per cent. of its weight of sulphate of potash to concen- 
trated oil of vitriol, its specific gravity may be increased to 
4.860. The only mode, therefore, of ascertaining exactly the 
strength of oil of vitriol is by saturating a known quantity with 
an alkali; and it may be’ assumed as sufliciently correct, that 
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100 grains of dry sub-carbonate of soda neutralize 92 grains of 
pure liquid sulphuric acid ; or that 100 grains of the acid re- 
quire 108, or 108.5, of the sub-carbonate for saturation. 

It is sometimes of importance to the chemical artist to know 
the proportion, not of real acid, but of acid of commerce, in 
diluted sulphuric acid of different specific gravities. An ap- 
proximation to the true proportion may be obtained, by in- 
creasing the numbers, indicating the real acid, one fourth. For 
example, acid of the specific gravity 1.200, contains, according 
to the above table, 20 per cent. of real acid; which, increased 
one fourth, gives 25 per cent. of acid of sp. gr. 1.849. A very 
_ copious Table of the quantities of sulphuric acid of commerce 
in acid of different densities, constructed by Mr. Parkes from 
actual experiment, is given in the 40th volume of the Philoso- 
phical Magazine, and in vol. ii. of his Chemical Essays, p. 144. 
Its length only prevents me from inserting it here. ‘The shorter 
Table of Vauquelin, in the 30th volume of Nicholson’s Jour- 
nal, is rendered less fit for the English chemist, because the 
acid, employed in the experiments on which it is founded, 
is inferior in density to the average acid sold in this country. 
In taking the specific gravity of sulphuric acid, it is of impor- 
tance to attend to its temperature,* which must be examined 
by a thermometer, having its bulb perfectly dry. According 
to Dr. Ure, 10° Fahrenheit make a difference in the density 
of oil of vitriol of 0.005. With due attention to this, and 
other necessary precautions, Dr. Ure has constructed a Table, 
which, as it is of moderate length, and exhibits at one view 
the proportion not only of real or dry acid, but of liquid acid, 
in sulphuric acid of different specific gravities, I shall insert 
in the Appendix. In the memoir of which the Table forms 
a part, Dr. Ure has endeavoured to establish some general 
formule for calculating the proportion of oil of vitriol in 
dilute acid of any specific gravity, and also for finding 
the specific gravity corresponding to a given proportion of 
acid.+ . 

(f) Sulphuric acid, by a sufficient reduction of its tempe- 
rature, may be frozen; and under favourable circumstances, 


* See Parkes’s Essays, ii. 401. + Journ. of Science, iv. 127. 
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it assumes a regular crystalline form, a considerable degree of 
solidity or amieed: and a density exceeding that witch it 
possessed in a fluid state. From the experiments of Mr. 
Keir* it follows that there is a certain point of specific gra- 
vity (viz. 1.780), at which the sulphuric acid most readily con- 
geals; and when of this degree of strength it requires even 
a less degree of cold than is sufficient to freeze water, its con- 
gelation taking place at + 45° Fahrenheit. From the spe- 
cific gravity of 1.786, on the one hand, to 1.775, on the other, 
it freezes at 32° Fahrenheit. It is singular that it remains 
congealed, at a temperature higher than that originally 
required for freezing it. Acid, for example, which did not - 
become solid till its temperature was reduced to 32°, remained 
frozen at 45°. When of the specific gravity of 1.843, or as 
nearly as possible of that of commerce, it was found by Mr. 
Macnab + to freeze at —15° Fahrenheit: but this acid, mixed 
with rather more than half its weight of water, required for 
congelation the temperature of — 36° Fahrenheit. 

(g) To purify sulphuric acid, it must be distilled in a glass 
retort, placed in the sand-bed of a reverberatory furnace. 
This process requires considerable care. But to those who 
have sufficient experience in chemical operations, the follow- 
ing instructions may be useful; especially as it is indispensable, 
in all experiments of research, to employ an acid purified by 
distillation. 

The furnace, in which this process is conducted, should 
have a contrivance for supporting a sand-bath within it at a 
proper height ; and an opening in the side, for transmitting 
the neck ap the retort. (PI. vii. fig. 62, 63.) The retort must 
be coated with clay and sand over its whole body, and also 
over that part of the neck which is exposed to the fire. It is 
then to be placed, the coating being previously dry, in the 
sand-bath, about one half filled with sulphuric acid; and a 
receiver must be applied, but not luted on. The fire must 

now be lighted, and raised with extreme caution. The first 
portion that comes over, amounting to about one sixth, con- 
sists chiefly of water, and may be rejected. This is followed 


* Philosophical Transactions, Ixxvil. 267. + Thid. Ixxvi. 241. 
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by the concentrated acid; and, at this period, there is great 
risk that the neck of the retort will be broken, by the contact 
of the condensed acid, which has a very high temperature, 
and which frequently cracks the glass, as effectually as the 
_ application of a red-hot iron. ‘The fire must be regulated by 
the register door of the ash-pit, so that several seconds may 
elapse between the fall of the drops into the receiver. The 
process may be continued as long as any acid is condensed. 
The retorts, employed for this purpose, should be most atten- 
tively annealed. 

The difficulty of rectifying sulphuric acid is much diminished, 
by using a retort of the capacity of from two to four quarts, 
when a pint of the acid is employed, and by connecting its 
neck with the receiver by means of an adopter three or four. 
feet long. The retort may be set over a charcoal fire, and 
the flame made to play gently on its bottom. No luting is to 
be employed, and the receiver is to be surrounded with cold 
water. With this arrangement, and a cautious regulation of 
the heat, Dr. Ure finds that sulphuric acid may be distilled 
without much risk, in a continuous gentle stream.* ‘The 
sudden explosions, that occasionally happen during the pro- 
cess, may be prevented either by putting into the retort a few 
sharp pointed pieces of glass, or some slips of platinum as re- 
commended by Mr. Brande. 

Sulphuric acid may be less perfectly purified by diluting it 
with an equal weight of water, allowing the impurities to settle, 
decanting the clear liquor, and evaporating it to the proper 
degree in a glass retort. 

(h) The proportion of the elements of sulphuric acid has 
been investigated by several chemists. Berthollet oxygenated 
17.846 parts of sulphur by nitric acid, and obtained a quan- © 
tity of sulphuric acid, which gave 127.515 parts of sulphate 
of barytes. Hence 100 parts of sulphur would have formed 
230.79 parts of real sulphuric acid ( = about 292 of density 
1.85); but this product falls short of what ought to have re- 
sulted. Klaproth, Richter, and Bucholz, obtained results 
nearly agreeing with each other. _Berzelius, to avoid all fal- 


* Journal of Science, iv. 116. 
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lacy from the hydrogen contained in sulphur, combined it, in 
the first place, with lead, which, like other metals, always 
evolves much hydrogen, and then oxygenated the sulphuret. 
If two volumes of sulphurous acid gas, and one of oxygen, 
constitute sulphuric acid, it follows that the oxygen in the 
latter is a multiple of that in the former by 14; and sul- 
phurous acid being constituted of 100 sulphur + 99.44 
oxygen, sulphuric acid will consist of 100 sulphur + 149.16 
oxygen; or it will contain as nearly as possible 40 sulphur 
and 60 oxygen in 100 real acid. The following Table ex- 
hibits the proportions, deduced from different ae in 
100 parts of real acid: 


Sulphur. Oxygen. 

From the experiments of Berthollet .. 43.28 .. 56.72 
——___—_————— ep rates » 42.20 .. 57.80 
Bucholz. 42.50 .. 57.50 

a aRnnERRE EERE Bessie ad " 39,92 -- 60.08 
_ Proportions admitted by Dr. Wollaston.. 40.0 .. 60.0 


If the proportions be taken at 40 sulphur and 60 oxygen 
and if the acid consists, as Mr. Dalton supposes, of 1 atom 
of sulphur and 3 atoms of oxygen, the atom of sulphur will 
weigh 16; foras (60+ 3=) 20 is to 40 so is 8 to 163; the 
weight of an atom of real sulphuric acid will be 40; and 
the liquid acid, containing an atom of water, = 9, will be re- 
presented by the number 49. Mr. Dalton’s numbers are 13 
for the atom of sulphur, 34 for that of sulphuric acid, and 42 
for the liquid acid, the difference being occasioned by his 
taking oxygen at 7, instead of 8. 

A coincidence has been pointed out by Berzelius, which is 
very remarkable, and is deemed by him sufficiently general, 
to be admitted as a law; viz. that in any combination of two 
oxygenated bodies with each other, the oxygen of the one is 
either a multiple or divisor of that of the other, by some sim- 
ple number. Sulphuric acid, of 1.850 density, affords an illus- 
tration of this principle; for it consists of 81 real acid and'19 
water ; and it will be found that the oxygen in the acid is, as 
nearly as possible, 48; and the oxygen in the water 16, so 
that in this case the multiple is 3, for 16 x 3= 48. Various 
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other examples of the same general principle will be given, in 
treating of metallic oxides. In all neutral compounds of sul- 
phuric acid with alkaline, earthy or metallic bases, the acid 
contains a quantity of oxygen, which exceeds that in the base 
by the same multiple 3. __ 

(i) Sulphuric acid is decomposed, at the temperature of the 
atmosphere, by inflammable substances, and acquires a dark 
colour. The addition of a little brown sugar, or a drop of 
olive oil, to a portion of the acid, imparts to it a brownish 
hue, which in time changes to black. Hence this acid should 
always be kept in bottles with glass stoppers; for a small bit 
of straw or cork, if dropped into a considerable quantity of 
sulphuric acid, changes it in the manner that has been pointed 
out. 

(k) In high temperatures, sulphuric acid is still farther de- 
composed by combustible bodies. 

1. Hydrogen gas, brought into contact with sulphuric acid, 
in a state approaching ignition, decomposes it, and water 
and sulphurous acid are formed. ‘This, however, is a dan- 
gerous and difficult process, which it is not adviseable to re- 
peat. ; 

2. According to Gay Lussac, sulphuric acid is decomposed 
by heat alone; and is resolved into two volumes of sulphurous 
acid gas, and one of oxygen gas. This experiment is best 
performed by passing the acid through a red-hot tube of glass 
or porcelain, which should not exceed two tenths of an inch 
in diameter. The acid is also decomposed by platina wires, 
communicating with the extremities of a galvanic pile. At the 
end of the negative wire, flocculi of sulphur appear, and at the 
positive end oxygen gas is evolved; and a brownish tint is 
produced by the formation, doubtless, of sulphate of pla- 
tinum. ‘ 

$. Sulphur, by being boiled in sulphuric acid, partly de- 
oxygenates it, and converts a portion of it into sulphurous 
acid, which comes over in a gaseous state. 

4. Into a glass retort, put such a quantity of sulphuric acid 
as will fill about one fourth part of it, and add a small portion 
of powdered charcoal. On applying the heat of a lamp, gas 
will be produced very abundantly, Let this gas be conveyed 


SECT. VI. SULPHUR. $83 


by a tube fixed to the mouth of a retort, and bent in the 
proper manner, into an inverted jar of water ; or, if it can be 
had, into an inverted jar of quicksilver in a mercurial appa- 
ratus. During this operation, the carbon attracts part of the 
oxygen of the sulphuric acid, and forms carbonic acid gas. 
But the sulphur is not entirely disoxygenated ; and a com- 
pound is therefore formed of sulphur and oxygen, containing 
less oxygen than the sulphuric acid. This compound exists 
in the state of a gas, and its properties may next be examined. 
To avoid, however, the complication which the admixture of 
carbonic acid with this new product introduces into the expe- 
riment, it may be proper to prepare it in a mode less objec- 
tionable, but the rationale of which cannot at present be ex- 
plained. This consists in dissolving two parts, by weight, of 
quicksilver in one of sulphuric acid, and boiling the mass to 
dryness, in a glass capsule, or in the bottom of a broken 
Florence flask. The dried mass is next to be distilled ina 
strong sand-heat; a glass globe being interposed between the 
retort and the receiving mercurial trough, to condense any 
sulphuric acid that may escape decomposition. (See pl. ili. 
fig. 31.) ‘The gas thus obtained is termed, conformably to the 
principles of the new nomenclature, suiphurous acid. 


Sulphurous Acid Gas. 


Sulphurous acid may be formed, Ist, by burning sulphur at 
a low temperature in common air, under a glass bell; and if 
slips of linen cloth, dipped in a solution of potash, be exposed 
to the vapour, the alkali forms a combination with the sul- 
phurous acid, which may afterwards be washed off and eva- 
porated. The dry salt, distilled with liquid tartaric acid, 
gives sulphurous acid gas. 

2dly. It is formed, exclusively, when sulphur is burned in 
dry oxygen gas. The gas, when restored to its original tem- 
perature, is found to be contracted ;{,th or +,th of its bulk; 
but this is probably owing to the hydrogen contained in 
sulphur, for there is every reason to believe that oxygen 
gas, by becoming sulphurous acid, is not at all changed in 
volume. 

3dly. By heating red oxide of mercury with one fourth of 
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its weight of sulphur, sulphurous acid is produced in the pro- 
portion of about a cubic inch for every five grains of the 
oxide. 

4thly. By boiling 1 part by weight of mercury with six or 
seven of sulphuric acid to dryness in a glass retort, and then 
- raising the heat, sulphurous acid gas is formed, and may be col- 
lected and preserved over quicksilver. Halfan ounce of mercury 
is sufficient for the production of several pints of the gas. 

Its properties are the following: 

(a) It has a pungent and suffocating smell, exactly resem- 
bling that which arises from burning sulphur. 

(b) It is more than twice as heavy as atmospherical air. 
One hundred cubic inches are stated by Mr. Kirwan to weigh 
70.215 grains, which would make its specific gravity 2.265. 
By Sir H. Davy, the same volume is said to weigh 68 grains: 
this would give the specific gravity of 2.23, which agrees almost 
exactly with the statement of Thenard (i. 685.) According 
to a calculation of Gay Lussac, founded on the proportion of 
its elements, its specific gravity should be 2.30314. Berzelius 
‘finds it by experiment to be 2.247.* 

' (c) Monge and Clouet assert, that if the gas be expelled at 
the same time, to a temperature of 31° Balitanhetel and to 
great pressure, it assumes a fluid state. 

(d) It extinguishes burning bodies ; and kills animals, when 
respired. 

(e) It has the property of einen: or bleaching silk, and 
of giving it lustre, and removes fruit stains from woollen 
cloth. 

(f) Ofsulphurous acid, water absorbs 33 times its opel 
or one eleventh of its weight, caloric is evolved, and the solu- 
tion at 68° has the specific gravity 1.0513. Mr. Dalton states 
the quantity absorbed to be only 22 times the bulk of the 
water. From the solution, when recently prepared, the o 
may be separated by heat, but not by congelation. 

(g) The watery solution does not redden infusion of litmus, 
as acids in general do, but totally destroys its colour. Hence 
its use in bleaching several vegetable and animal products. 


* Ann. de Chim. et Phys. v. 178. 
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It restores the colour of syrup of violets, which has been’ red- 
dened by other acids.* 

(A) Sulphuric acid, saturated with this gas, which may fe 
effected by passing the gas through the acid, acquires a strong 
smell, a yellowish brown colour, aselins when exposed to the 
air, and has the property of assuming a solid form, by a mo- 
derate reduction of its temperature. When distilled, the first 
product, which is a compound of the two acids, assumes a 
solid form. It has been called glacial sulphuric acid. It has, 
however, been asserted by Vogel,+ that the presence of sul- 


-  phurous acid is not the cause of the glacial quality of oil of 


vitriol; and that, when converted to this state, by boiling in 
contact with sulphur, it contains no sulphurous acid. The 
nature of the change he has not yet fully explained. 

(7) Sulphurous acid is absorbed by crystallized borax, and, 
by means of this property, Cluzel observes, may be separated 
from carbonic acid, and some other gases. 

Sulphurous acid is again converted to the state of sulphuri ic 
by restoring oxygen to it. . 

1. A mixture of oxygen and sulphurous acid gases, both 
perfectly dry, and standing over mercury, is not diminished 
by remaining in contact with each other during some months ; 
but if a small quantity of water be added, the mixture begins 
to diminish, and sulphuric acid is formed. Or if water impreg- 
nated with sulphurous acid be exposed to oxygen gas in a 
tube, the oxygen in 10 or 14 days is imbibed, and sulphuric 
acid formed. ‘The same gases in a state of mixture, by the 
action of electricity, or by being driven through a red-hot 
porcelain tube, afford sulphuric acid. ‘The proportions re- 
quired for mutual saturation are two measures of sulphurous 
acid and one of oxygen gas. 

2. Toa portion of water saturated with sulphurous acid gas 
add a little oxide of manganese, a substance that contains much 
oxygen, loosely combined. The pungent smell of the water, and 
the other characteristics of sulphurous acid, will soon disappear. 

3. Sulphurous acid gas is condensed into sulphuric acid by 


* Nicholson’s Journal, xvii. 303. +84 Ann. de Chim. 283. 
¢{ 83 Ann. de Chim, 259. 4 . 
voL. I. 26 
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_ admixture with chlorine gas; but not unless the gases are in 
contact with water. In the latter case, the hydrogen of the 
water unites with the chlorine, and the oxygen with the sul- © 
phurous acid. 

_ Dry nitrous acid gas is also inefficient on dry sulphurous 
acid; but when placed in contact with a small quantity of 
- water, all these bodies act mutually and rapidly on each other; 
the nitrous acid gas yields a portion of its oxygen to the sul- 
phurous acid, from whence result nitrous gas and sulphuric 
acid, which, both combining with water, form white flakes 
upon the inside of the balloon. These flakes are made up of 
congeries of small crystalline needles. Water, brought into 
contact with these crystals, dissolves the sulphuric acid, and 
the nitrous gas is liberated with effervescence. By means 
therefore of a small quantity of nitrous gas, we may trans- 
form a large quantity of sulphurous acid into sulphuric acid, 
provided the acid gas be mingled with half its volume of 
oxygen, or with an equivalent quantity of atmospheric air. 
The phenomena are beautifully exhibited by admitting, into 
an exhausted and dry glass balloon, first 30 measures of sul- 
phurous acid, next 15 of oxygen, and then 5 of nitrous gas. 
No perceptible change takes place, till a little water is intro- 
duced, sufficient to moisten the inside of the vessel, when the 
small quantity of red nitrous acid, formed on adding the 
nitrous gas, disappears, and composes the crystalline substance 
already described. When these crystals have been deposited 
on the inside of the balloon, and a small quantity more of 
water is admitted, there is an immediate effervescence from 
the escape of nitrous gas, which, meeting with oxygen gas, 
again becomes nitrous acid, and this, acting upon the sul- 
phurous acid, the same combinations ensue as before, and 
may be repeated as long as sufficient sulphurous acid and 
oxygen remain. 

It is by a series of operations of this kind, that the forma- 
tion of sulphuric acid is. effected in the ordinary process for 
preparing it. ‘The nitric acid, present in the saltpetre, aban- 
dons part of its oxygen to one portion of the sulphur, which, 
becoming sulphuric acid, unites with the potash of the nitre. 
At the same moment nitrous gas is set at liberty, which, with 
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the oxygen present in the air of the chamber, composes nitrous 
acid gas. Another portion of sulphur is cenverted into sul- 
phurous acid, which becomes sulphuric acid by depriving the 
nitrous acid of oxygen, the latter acid being brought back to. 
the state of nitrous gas. This gas, absorbing the atmospheric 
oxygen, again becomes nitrous acid, which changes a fresh 
portion of sulphurous into sulphuric acid. ‘This theory was 
first suggested by MM. Clément and Desormes. It has 
been since modified by Gay Lussac, who supposes that nitrous 
acid, and not nitrous gas, is disengaged from nitrate of 
potash. But even if this. be admitted, the subsequent steps of 
the process are still explicable on the original theory, which 
satisfacterily explains why so small a proportion of nitre as 
one eighth is adequate to conversion of sulphur into sul- 
phuric acid, though capable of supplying only a very small 
share of the oxygen essential to this change. 

(k) When the temperature of sulphurous acid gas is greatly 
reduced, by surrounding it with a mixture of snow and mu- 
riate of lime, it is changed into a liquid. 

(2) If sulphurous acid gas and fresh muriate of tin are 
brought into contact over mercury, the volume of the gas is 
speedily diminished, sulphur is deposited, and the proto-mu- 
riate becomes a per-muriate of tin. (Accum.) 

(m) It is decomposed, when submitted to the heat of igni- 
tion, in contact with certain combustible bodies. Thus, when 
a mixture of sulphurous acid and hydrogen gases are driven 
through a red-hot porcelain tube, the oxygen of the acid 
combines with the hydrogen, and forms water, and sulphur is 
obtained in a separate form. The sulphurous acid is decom- 
posed, also, when transmitted over red-hot charcoal; and, as 
appears from Gay Lussac’s experiment, by potassium. 

From the testimony of the same chemist we learn that 100 
parts of sulphur, to become sulphurous acid, unite with 95 
oxygen. The following ‘Table shows the numbers derived 
from different authorities. Sulphurous acid contains per cent. 

Sulphur. Oxygen. 

According to Gay Lussac .... 51.30 ...... 48.70 

———— Berzelius....... 50.03 ...... 49.97 
Thomson ...... 538.00 Soc e FRO 
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The determination of Berzelius, of 100 sulphur to 99.44 
oxygen, agrees best with the specific gravity of the gas;. for 
if 100 cubic inches weigh 68, and 100 cubic inches of oxygen 
34, the remaining 34 must consist of sulphur. Its atomic 
constitution, according to Mr. Dalton, is 1 atom of sulphur + 
2 atoms of oxygen; and the weight of its atom will, therefore; 
be 16 + 16 = 82. . 

The combinations of sulphurous acid with alkaline and 
earthy bases, called Serie, will be described lela be in 
their proper places. 


Of Hypo-sulphurous Acid. 


‘This acid, like the hypo-nitrous, exists only in combination 
with salifiable bases, forming compounds which were first 
examined in 1813 by Gay Lussac, and were called by him 
sulphureted sulphites. Beside other methods of preparing 
these salts, he found that they might be obtained by digesting 
the solution of a sulphite with sulphur, an additional quantity 
of which might thus be made to combine with the sulphurous 
acid. It had also been long ago observed by Mr. Higgins of 
Dublin, that liquid yilphuediig acid dissolves iron without 
effervescence; and Berthollet afterwards showed that in this’ 
case the iron is oxidized at the expence of the sulphurous 
acid, and that sulphur is disengaged, which immediately 
unites with the sulphite of iron, forming a sulphureted sul- 
phite.» Dr. Thomson appears to have been the ‘first * who’ 
took a just view of these phenomena. The new compound 
he found to be a neutral salt, containing a peculiar acid of 
sulphur, to which he gave the name of hypo-sulphurous acid, 
and to its compounds that of hypo-sulphites. These com- 
pounds have been since examined with great ability by Mr. 
Herschell,}- who has not, however, succeeded completely -in 
his attempt to exhibit the acid in’a separate state; nor indeed 
does it appear capable of existing permanently when uncom- 
bined with a base. From the experiments of Dr. Thomson 
and Mr. Herschell, it may be inferred to be a compound of 1 


* System of Chemistry, 5th edition. 
+ Edinburgh Philosophical Journal, i. 8, and 36. 
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atom of sulphur + 1 atom of oxygen, and its representative 
number will be 16 +. 8, = 24. Its properties will again 
come under review in speaking of the several hypo-sulphites. 


Hypo-sulphuric Acid. 


This acid was discovered by Welter and Gay Lussac.* 
Their process for forming it consists in passing a current of 
sulphurous acid through water, in which finely powdered per- 
oxide of manganese is kept mechanically suspended. There 
is immediately produced a perfectly neutral solution, con- 
sisting of hypo-sulphate and common sulphate of manganese. 
‘When the solution is sufficiently concentrated, pure barytes 
is added to the previously heated liquor, and agitated along 
with it, taking care to employ an excess of the earth. All 
the oxide of manganese is thus separated; and, sulphate of 
barytes being insoluble, the filtered liquor contains only the 
hypo-sulphate of barytes, and also the redundant portion of 
that earth. The latter is to be separated by a stream of car- 
bonic acid, and subsequent ebullition to expel any excess of 
carbonic acid. The hypo-sulphate is then to be crystallized, 
dissolved in water, and decomposed by just the quantity of 
sulphuric acid, which is required to: precipitate the barytes. 
The filtered liquor is to be concentrated, by exposing it under 
the exhausted receiver of an air-pump, along with a vessel of 
sulphuric acid, till it has attained the density of 1.347. If 
_ continued to be exposed, it is resolved into sulphurous acid 
~ which exhales, and sulphuric acid which remains liquid. 

Oxygen gas, atmospheric air, chlorine, concentrated nitric 
acid, and red sulphate of manganese, are all inert on it at 
common temperatures. Zinc is dissolved by it, and hydrogen 
gas is disengaged by the decomposition of water, and there 
remains in solution hypo-sulphuric acid combined with oxide 
of zinc. It completely saturates salifiable bases, and affords 
neutral and soluble compounds with barytes, strontites, lime, 
and protoxide of lead; whereas sulphuric acid yields insoluble 
compounds with all those bases. At common temperatures 
these salts are permanent, but, when heated, sulphurous acid 


* Ann. de Chim. et de Phys. x. 312. 
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escapes, and they pass to the state of sulphates, which are 
still neutral. 

Hypo-sulphuric acid has been inferred to be composed of 
100 parts of sulphur + 125 oxygen, setting apart that which 
is in the water essential to its existence; or we may consider 
it as a compound of 100 parts of sulphurous acid + 125 of 
sulphuric. Hence we have the four following acids with base 
of sulphur: 


Sulphur. Oxygen. Sulphur. Oxygen. 
1. Hypo-sulphurous acid. 100 + 50 or 1 atom + 1 atom. 
2. Sulphurous acid..... 100 + 100 or 1 atom + 2 atoms. 
3. Sulphuric acid....... 100 + 150 or 1 atom + 8 atoms. 
4, Typo-sulphuric...... 100 + 125 or 2 atoms+ 5 atoms. 


Art. 2.—Sulphur with Chlorine. 


Sulphur, when heated in contact with chlorine gas, or even 
when exposed to it at common temperatures, absorbs it, and 
forms a singular compound first described by. Dr. ‘Thomson,* 
and afterwards investigated by Berthollet, jun.t Ten grains 
absorb nearly 30 cubic inches of gas, which is nearly in the 
proportion of 16 (the weight of an atom of sulphur) to 36 
(the weight of an atom of chlorine). It appears, indeed, to 
be a true chloride of sulphur. | 

This fluid is volatile below 200° Fahrenheit. . Its colour is 
red by reflected light, but yellowish green by transmitted 
light. It emits fumes, which are peculiarly acrid, and which a 
excite a copious flow of tears. Its specific gravity is 1.6. 
When agitated with about an equal volume of water, an 
active ebullition and great disengagement of heat take place ; 
sulphur is deposited; and the residuary liquid contains mu- 
riatic and sulphurous, and a small quantity of sulphuric, 
acids. Hence the water is decomposed, and while its hy- 
drogen unites with the chlorine, its oxygen combines with the 
greater part of the sulphur. Alcohol and ether are decom- 
posed with appearances of still more intense action, and it 
disunites also the elements of ammonia. 


* Nicholson’s J ournal, 8vo, yol. vi. +t Mem. d’Arcueil, tom. i, 
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Mercury acts strongly upon this liquid; its surface is first 
tarnished, great heat is evolved, and a grey powder is formed, 
which is a mixture of sulphur and chloride of mercury. 

It reddens vegetable blue colours; but not till, by its action 
on water or on hydrogen, muriatic acid has been produced. 
Some chemists have considered it as an acid, and have pro- 
posed to call it the chloro-sulphuric acid; but besides being 
deficient in the other qualities of acids, it does not, like them, 
unite with salifiable bases. 


Sulphur with Iodine. 


Sulphur and iodine unite at a gentle heat, and a black ra- 
diated compound is formed, resembling sulphuret of anti- 
mony. It is easily decomposed at a degree of heat a little 
above that at which it was produced, and iodine is detached 
from it in vapour. Its precise composition is unknown. 


SECTION VII. 


Of Selenium. 


In the chambers for manufacturing sulphuric acid, from the 
sulphur which is procured at Fahlun in Sweden, a reddish 
mass is deposited, which is principally sulphur. This sub- 
starice, in burning, gave out an odour, which induced Ber- 
zelius to suspect that it contained tellurium, but on a minute 
examination he discovered, instead of that metal, a body with 
entirely new properties, to which he has given the name of 
selenium. The process, by which it was extracted, is described 
in the 13th vol. of Annals of Philosophy, p. 403; but as the 
source of it is extremely rare, it will be sufficient to refer to 
Berzelius’s description. For the same reason, I shall give 
only a short account of this substance, confining myself to 
such of its properties, as are important from their influence | 
on the general doctrines of chemistry. 

The colour of selenium varies a good deal. When rapidly 
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cooled, its surface has a dark brown hue, and its fracture the 
colour of lead. Its powder has a deep red colour, but it 
sticks together when pounded, and then assumes a grey 
colour and a smooth surface. It softens at 212° Fahr., and 
completely fuses at a few degrees higher. While cooling, it 
has a considerable degree of ductility, and may be kneaded 
between the fingers, and drawn out into fine threads, which 
have a strong metallic lustre, an imperfect degree of trans- 
parency; and are red by transmitted, but grey by reflected 
light. When slowly ‘cooled, it assumes a granulated fracture, 
and is extremely like a piece of cobalt. At a temperature 
nearly equal to that of boiling mercury, selenium enters into ° 
ebullition; and condenses, either into opaque metallic drops, 
or, when a retort with a large neck is used, into flowers of a 
fine cinnabar colour. Its vapour has a deep yellow colour, 
more intense than that of chlorine, but not so deep as that of 
sulphur. 

When heated before the blow-pipe, it Ne the flame of a 
fine azure blue, and exhales so strong a smell of horse-radish, 
that a fragment, not exceeding =, of a grain, is sufficient to 
fill the air of a large apartment. 

Selenium and Oxyg en.—Oxide of selenium is formed by 
heating selenium in a close phial with common air, which 
acquires a very strong smell of horse-radish. ‘Water agitated 
with this air imbibes the odour of the gas, and reddens litmus 
feebly, but this appears to be owing to the production of a 
small quantity of selenic acid. Selenic oxide gas is very 
sparingly soluble in water, and does not impart any taste to 
it. It does not combine with liquid alkalis. Its precise com- 
position is unknown; but it appears to belong to the same 
class of oxides as carbonic oxide. 

Selenic Acid.—Selenium dissolves in nitric and nitro-muri- 
atic acids, and when the solution is evaporated in a retort, so 
as to expel the excess of those acids, there remains a white 
saline mass, which sublimes on raising the temperature, and 
forms a vapour, the colour of which closely resembles that of 
chlorine. In the cold part of the apparatus, selenic acid 
condenses in very long four-sided needles. ‘These crystals, 
when first taken out of the retort, have a dry aspect and a 
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peculiar lustre. Exposed to the air, they adhere to each other; 
and the lustre becomes dull, but they do not liquefy. | 

Selenic acid:has a sour taste, and leaves a slightly burning 
sensation on the tongue. It is very soluble in cold water, and 
dissolves in almost every proportion in boiling water. A 
saturated solution crystallizes, when rapidly cooled, in small 
grains, and when slowly cooled in striated prisms. The 
crystals dissolve in great abundance in alcohol, and. the solu- 
tion, when distilled, yields a fluid having an ethereal. smell. 

Selenic acid unites with different bases, and forms a class 
of salts called Selenates or Seleniates, which will be described 
with their respective bases. 

Selenic acid is easily reduced both in the moist and the 
dry way. When a plate of zinc or polished iron is introduced 
into a solution of selenic acid mixed with muriatic acid, sele- 
nium is precipitated in the form of red, or brown, or blackish 
flakes. It is revived, also, by sulphureted hydrogen and sul- 
phurous acid gases. 


‘From his investigation of selenic acid, Berzelius has in- 
ferred it to consist of 
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100. 


On the supposition that it is constituted of an atom of 
base + 2 atoms of oxygen, the equivalent number for sele- 
nium will be 41, and for selenic acid 57. | 

Selenium and Chlorine.—Selenium absorbs chlorine gas, 
and becomes hot and forms a brown liquid, which, by an 
additional quantity of chlorine, is converted into a white solid 
mass. ‘This is stated by Berzelius to be a compound of 
muriatic and selenic acids, but it is probably composed of 
chloride of selenium and the latter acid. It has not yet been 
accurately separated into its component parts, for when heat 
is applied, both substances are sublimed. 

The remaining compounds of selenium will be described 
hereafter in their proper places. At present, it is only ne- 
cessary to observe farther, that while this body possesses some 
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of the characters of metals, (the metallic lustre for example,) 
it is destitute of others that are essential to its arrangement 
in that class. It has more transparency than any metal, and 
is distinguished, also, from the metals, by the want of power 
to conduct electricity or heat. In some respects it resembles 
tellurium; but, on the whole, its properties are most analo- 
gous to those of sulphur; and it may be regarded as forming 
the connecting link between metals and non-metallic com- 
bustibles. 


CHAPTER VIII. 


OF THE COMBINATION OF SIMPLE ACIDIFIABLE BODIES, 
(NOT METALLIC), WITH EACH OTHER. 


aa 


SECTION I. 


Hydrogen with Nitrogen.— Ammonia. 
Arr. 1.—Preparation and Qualities of Ammonia. 

I. Ammonia, in a liquid form, had been long known to che- 
mists, both Basil Valentine, and Raymond Lully having de- 
scribed the methods of procuring it; but Dr. Black was the 
first who distinguished between its pure or caustic, and its 
mild or carbonated state, and Dr. Priestley first exhibited it 
in a gaseous form, to which he gave the name of alkaline air. 
To procure it in this state, one of the following’ processes may 
be employed. 

(a) Mix together equal parts of muriate of ammonia and 
dry quicklime, each separately powdered ; and introduce them 
into a small gas bottle or retort. Apply the heat of a Jamp, 
and receive the gas, that is liberated, over mercury. 

(L) To a saturated solution of ammonia in water or the 
pure liquid ammonia, in a gas bottle, apply the heat of a lamp; 
and collect the gas, as ina. ; 

II. This gas has the following properties : 

(a) It has a strong and very pungent smell. 

(4) It immediately extinguishes flame; and is fatal to ani- 
mals. Before, however, a candle is extinguished, by immer- 
sion in this gas, the flame is enlarged, by the addition of an- 
other, of a pale yellow colour, which descends from the mouth 
to the bottom of the jar. If the flame of the candle be only 
in part surrounded with the gas, this yellowish flame rises a 
few lines above the other. 

(c) It is lighter than atmospheric air. Hence a jar filled 

with this gas, and placed with its mouth upwards, is -soon 
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found to exchange its contents for common air, which, being 
heavier, descends, and displaces the ammoniacal gas. By the 
experiments of Messrs. Allen and Pepys,* undertaken at the 
desire of Sir. H. Davy, 100 cubic inches of ammonia were 
found to weigh 18.18 grains, barometer 30, thermometer 60°. 
According to Gay Lussac, its specific gravity is to that of com- 
mon air as 0.5967 to 10; and hence, (taking 100 cubic inches 
of air at 30.5 grains) 100 cubic inches of ainmonia weigh 
18.17 grains. Mr. Dalton assumes, that at a mean tempera- 
ture and pressure, 100 cubic inches weigh 18.6 grains; and 
hence that its specific gravity is 6, air being 10. It does not 
appear that in any of these trials, the gas was artificially dried. 
To effect its desiccation, potash or quicklime are best adapted ; 
for dry muriate or chloride of lime, as well as several other 
chlorides, absorb it rapidly. + | 

(d) Ammoniacal gas is not sufficiently inflammable to burn 
when in contact with common air. But, when expelled from 
the extremity of a pipe, having a small aperture surrounded 
by oxygen gas, I have found that it may be kindled, and it 
then burns with a pale yellow flame, the products of its com- 
bustion being water and nitrogen gas. 

(e) Ammoniacal gas may be decomposed by transmitting it 
through a red-hot porcelain tube, which should be either well 
glazed internally, or covered externally with a lute. It has 
-been ascertained by Thenard,t that when any of the five 
following metals are enclosed in the tube, they promote the 
decomposition of ammonia in the order set down, viz. iron, 
copper, silver, gold and platinum ; iron being most effectual, 
and platinum least. Iron, after the process, is found to be 
rendered brittle, and copper still more so. The gas obtained 
always consists of 3 parts hydrogen by measure, and 1 nitro- 
gen. None of the metals is either increased or diminished in 
weight; and they can only, therefore, act as conductors of heat. 
Yet it is singular that iron decomposes a much larger ‘gee 
tity than platinum, and at a lower temperature. 

(f) It has been asserted by Guyton, that ammoniacal gas 
is reduced to a liquid state at 70° below 0 of Fahrenheit; but 


af Piiceoetnent Transactions, 1808, page 39. 
+ Journal of Science, v. 74. t 85 Ann. de Chim. 61. 
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it may be questioned whether the drops of liquid, which he ob- 
served, were any thing more than the watery vapour, which 
the gas always contains, condensed by the cold, and saturated 
with ammonia. (Ann. de Chim. xxix. 290.) 

(g) Ammonia is rapidly absorbed by water. A drop or two 
of water being admitted to a jar of this gas, confined over 
mercury, the gas will be immediately absorbed, and the mer- 
cury will rise, so as to fill the whole of the jar, provided the 
gas be sufficiently pure. Ice produces the same effect, in a 
still more remarkable manner. From Sir H. Davy’s early 
experiments, it appeared that 100 grains of water absorb 34 
grains of ammoniacal gas, or 190 cubic inches. Therefore a 
cubic inch of water takes up 475 cubic inches of the gas. More 
recently he has stated that at 50° Fahrenheit, water absorbs 
670 times its bulk, and acquires the specific gravity .875.* 

Alcohol, also, absorbs several times its bulk, and affords a 
solution of ammonia, which possesses the strong smell, and 
other properties, of the gas. 

(h) Water, by saturation with this gas, acquires its pecu- 
liar smell; and constitutes what has been called liquid am- 
monia; or, more properly, solution of pure ammonia in wa- 
ter. ‘The method of effecting this impregnation is as follows: 


) 


Process for obtaining Solution of Ammonia in Water. 


The following process is given by Mr. R. Phillips, as pre- 
ferable to that ofthe London Pharmacopeeia.t 

On 9 oz. of well-burnt lime, pour half a pint of water, and 
when it has remained in a well closed vessel for nearly an 
hour, add 12 ounces of muriate of ammonia, and about 34 
pints of boiling water. When the mixture has cooled, filter 
the solution; and, having put it into a retort, distil off 20 
fluid’ ounces. The solution will have the specific gravity 
0.954, which is quite as strong as it can be conveniently kept. 
If the solution be required to be more strongly impregnated, 
this will be best effected by passing ammoniacal gas through 


* Elements of Chem. Phil. p. 263. 
+ Remarks on the London Pharm. p. 34. 
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it, from a mixture of equal parts of powdered lime and mu- 
riate of ammonia, by means of an apparatus similar to that 
described for the preparation of muriatic acid. 

The strength of a solution of ammonia is influenced by two 
circumstances, the temperature of the liquid, and the pressure 
on its surface, for ammonia is not retained in water without 
external force. The intervals of temperature, required to 
double the force of ammoniacal vapour, were ascertained by 
Mr. Dalton to increase in ascending. When mixed with 
common air, its elasticity is not altered; thus when ammo- 
niacal gas of 15 inches force is mixed with a given volume of 
dry air, the air it doubled in bulk. 

Solutions of ammonia, when mixed with water, were found 
by Sir H. Davy, not to be sensibly condensed; and, there- 
fore, if the quantity of ammonia in a solution of given specific 
gravity be determined, it is easy to calculate the quantity in 
solutions: of other densities. ‘The two following Tables, it may 
be observed, do not exactly agree in their results, the quan- 
tity of ammonia, in solutions of the same density, being from 
15 to 20 per cent. less in Mr. Dalton’s Table than in Sir H. 
Davy’s. The numbers in the latter, marked with an asterisk, 
were found by experiment, and from these the others were 


deduced. 


Sir H. Davy’s Table of the Quantities of Ammoniacal Gas in 
Solutions of different Densities (Temp. 50° Fahrenheit, 
Barometer, 29.8.) 


100 parts of 100 parts of 

Specific Of Ammonia. Specific Of Ammonia. 
Gravity. Gravity. 

8750* 32.5 9435 14.53 
8875 29.25 S9476 13.46 
-9000 c 26. OB185 ioe 12.40 
DO54F 1). 25.37 9545 "Ss 11.56 
-9166 = 22.07 - 9578 5 10.82 
9255 = 19.54 9597 * 10.17 
.9326 17.52 -9619 HA 


9385 15.88 "39692" y 9.56 
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Mr. Dalton’s Table of the Quantities of Ammonia in Solutions 
of different Specific Gravities. 


Grains of Am- 
Specific | monia in 100 


Volumes of 


Grains of Am-} Boiling point gas condensed 


monia in 100 | of the liquid 


Gravity. potas! grains of | in degrees of in a given 
measures of | “liquid. | Fahrenheit. | Youme of 
liquid. q liquid. 

850 30 - 85.3 26° 4.94 
860 Las 32.6 38° 456 
870 26 29.9 50° 419 
880 24 27.3 62° 382 
890 22 24.7 74° 346 
900 ~ 90 92.2 86° 311 
910 18 19.8 ae? 277 
920 16 Lei 110° GAA 
930 14 15.1 122° 911 
940 12 12.8 1349" Y'186 
950 10 10.5 146° 147 
960 8 8.3 1582. cslonidde 
970 6 6.2 te lie od BSC 87 
980 4 Awl 187° 57 
990 y) 2 196° 28 


Art. 2.—Analysis of Ammonia. 


(1) Ammoniacal gas is decomposed by electricity; and its 
bulk, as Dr. Priestley first observed, is thus gradually en- 
larged. Intoa glass tube, having a conductor sealed herme- 
tically into one end (fig. 29), and standing inverted over mer- 
cury, pass about one tenth of a cubic nen of ammoniacal gas; 
and transmit through it a succession of electrical discharges 
from a Leyden jar. The arrangement of the apparatus, for 
this purpose is shown in fig. 84, pl. ix. When two or three 
hundred discharges have been passed, the gas will be found to 
have increased to almost twice its original bulk, and to have 
lost its property of being absorbed by water. Mix it with a 
quantity of oxygen gas, equal to between one third and one 
half of its bulk, and pass an electric spark through the mix- 
ture. An explosion will immediately happen; and the quan- 
tity of gas will be considerably diminished. Note the amount 


(2) 
re] 
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of the diminution by firing ; divide it by 3; and multiply the 
product by 2. The result shows the quantity of hydrogen gas 
in the mixed gases which have been generated by electricity ; 
for two measures of hydrogen are saturated by one of oxygen 
gas. | 

Suppose, for example, that we expand 10 measures of am- 
monia to 18; and that, after adding 8 measures of oxygen 
gas, we find the whole (= 26 measures) reduced by firing to 
6 measures; the diminution will be 20. Dividing 20 by 3 
we have 6.66, which multiplied by 2 gives 13.32 measures of 
hydrogen gas from 10 of ammonia. Deducting 13.32 from 
18, we have 4.68 for the nitrogen gas contained in the product 
ofelectrization. Therefore 10 measures of ammonia have been 
destroyed, and expanded into | 


13.32 measures of hydrogen gas, 
4.68 += nitrogen gas. 


Acccrding to the above proportions, 100 cubic inches of 
ammonia, which weigh about 18 grains, if they could be 
decomposed by electricity, would give about 133 cubic inches 
of hydrogen weighing 3.5 grains, and 46 of nitrogen weighing 
14,4 grains, in all 17.9 grains, or one tenth of a grain less than 
the ammonia decomposed. Mr. Dalton obtained 185 mea- 
sures of gas by decomposing 100 measures of ammonia; and, 
by comparing the products with the original gas, he finds that 
the weight of the former rather exceeds that of the latter ; 
thus, 


Grains 
100 measures of ammonia x sp. gr. .6 = 60 
51.8 nitrogen, which x sp. gy. .967 = 50.09 
Pe 133.2 hydrogen, which x sp. er.” .08 = 10.65 
60.74 


The excess of 3-4ths of a grain in 60 he considers as too 
small to affect the conclusion, and as arising from unavoidable 
inaccuracies in some of the data. 

It is contended by Gay Lussac and Thenard, and the pro- 
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bable, accuracy of their result is admitted by Sir. H. Davy* 
and by Dr. Wollaston, that 200 measures of ammonia are re- 
solvable, by complete decomposition, into 300 of hydrogen 
and 100 of nitrogen. This proportion is consistent with the 
theory of combination in definite volumes. There is, how- 
ever, considerable difficulty in ascertaining the precise amount 
- of the gases evolved from ammonia ; for if either the gas itself, 
or the mercury which confines it, contain any moisture, the 
product of gas, resulting from its decomposition, will exceed 
what it ought to be. The problem is one of great importance 
to the atomic theory, because from the proportion of the ele- 
ments of ammonia, is deduced the weight of the atom of ni- 
trogen. This will differ considerably, iS tenediis to the state- 
ment, which we may adopt, of the amount of gases obtained 
by decomposing ammonia; their proportion to each other ; 
and the exact specific gravities of hydrogen and. nitrogen 
gases. From the data supplied by Mr. Dalton, the weight of 
nitrogen in ammonia should be to that of hydrogen nearly as 
5 to 1, and, if ammonia be a binary compound, the atom of 
nitrogen will, therefore, be represented by 5, and that of am- 
monia by 5 + 1= 6. On the scale of Dr. Wollaston, ni- 
trogen is represented by 17.54; which, with 3 atoms or propor- 
tions of hydrogen (1.32 x 3 = 3.96), gives 21.5 for the equi- 
valent of ammonia, oxygen being considered as 10. But if 
hydrogen be made the decimal unit, and it be admitted that 
the three volumes of hydrogen in ammonia represent 3 atoms, 
and the 1 vol. of nitrogen one atom, then the weights of the 
atoms of hydrogen and nitrogen will be as their specific gra- 
Vities, viz. as .0694 to .970, or as 1 to14. Ammonia, accord- 
ing to this view, will be constituted of three atoms of hydrogen 
= 3 +1 atom of nitrogen = 14, and its representative 
number will be 17. 

(2) In the Philosophical Transactions for 1809, I have de- 
scribed a property of ammonia, which forms the basis of a 
very easy and quick mode of analyzing that alkali. When 
mingled with oxygen gas it may be inflamed by the electric 
spark, precisely like a mixture of hydrogen and oxygen. aig 


* Elements of Chem. Phil. p. 269. 
VOL. I. 2D 
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To obtain accurate results, however, it is necessary to use less 
oxygen at first, than is sufficient to saturate the whole hydro- 
gen of the alkali. This is easily calculated. If, for example, 
we take 10 measures of ammonia, we must use less oxygen 
than will saturate 13 or 14 measures of hydrogen gas, the 
quantity which exists in 10 of ammonia; and which require 
about 7 of oxygen gas. It will be advisable, therefore, not to 
add above 4 or 5 of oxygen. The whole (suppose 15) will 
probably, after firing, be reduced to about 9. To the remain- 
ing gas admit 4 or 5 measures more of oxygen; and on pass- 
ing the electric spark again, a second explosion will happen, 
with a diminution of about 6 measures. But, in the first ex- 
plosion, the whole of the oxygen disappears, and it must there- 
fore have saturated a quantity of hydrogen equal to 10 mea- 
sures; besides which, two thirds of the second diminution 
(6 +3 x 2) = 4 measures are owing to the condensation of 
hydrogen. Hence the whole hydrogen is 10 + 4 = 14. The 
nitrogen, the whole of which exists in the product of the first 
detonation, is ascertained by deducting from it (viz. from 9 in 
the present instance) the second quantity of hydrogen (4) 
which gives 5 for the nitrogen. ‘These numbers may not, 
perhaps, be exactly obtained by experiment; and they are 
given merely as a general illustration of the process. 

By experiments of this kind I. have determined that 100 
measures of ammonia require, for saturating the hydrogen 
which they contain, between 67 and 68 PY pure oxygen Bas, 


and afford 


Of hydrogen gas about a6 measures, 
nitrogen gas ...... 47 measures. 


183 


(3) Chlorine and Ammonia.—Scheele first observed that 
when liquid solutions of chlorine and ammonia are mixed, or 
when aériform chlorine is passed through liquid ammonia, 
nitrogen gas is disengaged, and muriatic acid formed. In 
-this case the: hydrogen of the ammonia unites with the chlo- 
rine, and the nitrogen is liberated. The latter process fur- 
nishes a good method of qbiaining nitrogen gas. 
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If into a bottle containing two or three pints of chlorine gas, 
about a drachm of strong solution of ammonia be poured, the 
two gases, when diffused through each other, act with sufficient 
energy to cause a detonation. The impossibility of confining 
chlorine gas, either by water or mercury, renders its decom- 
posing action on ammonia of little use as a means of analyzing 
that compound. 

The results of the analysis of ammonia furnish a good ex- 
ample of the condensation of the elements of gases, which takes 
place on chemical union; and if we could, by any means, 
permanently condense a mixture of 136 measures of hydrogen 
with 47 of nitrogen into 100 measures, or three volumes of hy- 
drogen and one of nitrogen into one volume, the new gas 
would constitute ammonia.. Simple admixture of these gases, 
however, even in the same proportions which are obtained by 
analyzing ammonia, is not sufficient to generate this alkali. 
The caloric, with which the hydrogen and. nitrogen are re- 
spectively combined, opposes, by its elasticity, an obstacle to 
their union, and places them beyond the sphere of their mu- 
tual attractions. If these elements are presented to each other 
when one or both are deprived of part of their caloric, com- 
bination then takes place; and the composition of the volatile 
alkali is proved synthetically, as in the following experiments. 

1. When iron filings, moistened with water, are exposed to 
nitrogen gas confined over mercury, the gas, after some time 
has elapsed, acquires the smell of volatile alkali. In this case, 
the iron decomposes the water and seizes its oxygen ; while 
the hydrogen, at the moment of its liberation, unites with 
nitrogen, and composes ammonia. This state of conden- 
sation, or absence of the quantity of caloric necessary to bring 
it into a gaseous form, has been called the nascent state of hy- 
drogen gas; and the same term has been applied to the bases 
of other gases when in a similar state. 

(2) Another fact, showing the mutual relation of ammonia 
and of the compounds of nitrogen, was discovered some years 
ago, by Mr. Higgins of Dublin.* Moisten some powdered 


* See his Comparative View of the Phlogisticand Antiphlogistic Theories, 
2d edition, p. 300, note. : 
ZDzZ 
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tin (which is sold under that name by the druggists) with 
strong nitric acid; and, when the red fumes have ceased to — 
arise, add some quick-lime or solution of pure potash. A 
strong smell of ammonia will be immediately produced. In 
this experiment, the tin attracts, at the same instant, the oxy- 
gen both of the nitric acid and of the water. Hydrogen and 
nitrogen are consequently set at liberty; and, before they 
have assumed the gaseous state, these two bases combine, and 
constitute ammonia. The ammonia thus generated unites 
with a portion of undecomposed nitric acid ; and is disengaged 
from this combination by potash or lime, which render it evi- 
dent to the smell. | 

3. Asimilar production of ammonia has been shown by 
Mr. R. Phillips to take place, when nitric acid is acted upon 
by phosphorus, which, simultaneously decomposing both water 
and nitric acid, enables the hydrogen of the former, and the 
oxygen of the latter, to unite while in a nascent form. 


Art. 2.—Salts with base of Ammonia. 


Chlorine and Ammonia. — No compound of chlorine and 
ammonia can exist, for as soon as ammonia is brought into 
contact with chlorine, it is decomposed in the manner which 
has been already described. 

Chlorate of Ammonia may be formed either by salient 
carbonate of ammonia with chloric acid, or by precipitating 
the solution of any earthy chlorate by that carbonate. Chlorate 
of ammonia forms fine needle shaped crystals, which are ex- 
tremely soluble in water and in alcohol. It is volatile, and, 
when thrown upon a red-hot coal, detonates with a red flame. 
The proportion of its components is not known. (See Vau- 
quelin, Ann. de Chim. xcv. 97.) 

Iodine and Ammonia.—Dry ammoniacal gas is absorbed by 
iodine without decomposition. ‘The product is at first very 
viscid, and has a metallic aspect ; but by an excess of ammo- 
nia it loses these properties, and becomes of a very deep 
brownish red. When iodine is added to liquid ammonia, one 
part of it unites ‘with the hydrogen of the alkali, and forms 
hydriodic acid, while another portion of the iodine combines 
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with the azote, and falls down in the form of a black powder. 
This compound of iodine and azote detonates with a very 
gentle heat, and even with the slightest touch. 

Iodate of Ammonia.—This salt is best formed by saturating 
iodic acid with ammonia. It is deposited in small crystalline 
grains of an indeterminate form. When these are thrown on 
a red-hot coal, they detonate with a feeble violet flame and an 
escape of iodine. When heated in close tubes, the tubes are 
frequently burst ; but Gay Lussac succeeded in collecting the 
products, which were equal volumes of oxygen and azotic gases. 
He states its composition at 100 acid + 10.94 ammonia, or 
2 vols. of gaseous ammonia, 1 volume of iodine in vapour, and 
21 volumes of oxygen. 

Hydriodate of Ammonia is constituted of equal volumes of 
hydriodic acid gas and ammoniacal gas. It may be formed 
by mixing the watery solutions of the acid and base. It cry- 
stallizes in cubes which are more soluble than sal ammoniac, 
and nearly as yA subliming in close vessels without de- 
composition. 


Hydro-chlorate of Ammonia, Muriate of LG! Pee 


or Sal-ammoniac. 


Muriate of ammonia may be formed by mixing over mer- 
cury equal measures of ammoniacal gas and muriatic acid gas, 
which are entirely condensed into a white solid. For pur- 
poses of experiment, the common sal ammoniac of the shops 
is sufficient, which is prepared by a circuitous process from 
an impure carbonate of ammonia, obtained by the distillation 
of bones, and other animal matters. This carbonate of am- 
monia, by being kept in contact with sulphate of lime and 
water, is converted into sulphate of ammonia. This again is 
decomposed by muriate of soda, which affords muriate of am- 
monia and sulphate of soda, The latter salt is separated by 
priority of crystallization, and the muriate of ammonia is then 
purified by being once or twice sublimed. 

It has lately been ascertained by Dr. Marcet, that muriate 
of ammonia exists in sea water, and may be separated by sub- 
limation from the uncrystallizable part called Littern.* 


* Phil, Trans, 1822, p. 454. 
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‘It is easy to calculate the composition of this salt, for since 
100 cubic inches of muriatic acid gas weigh 39 grains, and the 
same volume of ammonia weighs 18.18 grains, muriate of am- 


monia must consist of 
Atom. 


Muriatic acid.... 68.205 ....1 ..+. 37 
AMMONIA oi .0b » SAD, meek, bee oe 


100. 54 
But in its ordinary state, the salt contains water, the pro- 
portion of which, according to Berzelius, is as follows: 
Atom, 
Muriatic acid .-..... 49.55 1... 1 ..0- 31 
AMIMOBIA < pinie eee li? pin lawned 
RULED pace os so ie SOLA caba Lie are 
cod 


=a 


100. sedi 02 


Muriate of ammonia exhibits the following properties : 

(a) It is volatilized, without being liquefied or decomposed, 
or in other words may be sublimed. Sir H. Davy finds that 
it may even be passed, without alteration, through glass or 
porcelain tubes heated to redness, . When, however, it is 
transmitted over ignited metals, it is decomposed into its gas- 
eouselements. 

(L) Itis readily solubie in water, three parts and a half of 
which, at 60°, take up one of the salt. During its solution 
much caloric is absorbed. In boiling water, it is still more 
soluble; and the solution, on cooling, shoots into regular 
crystals. , 

(c) Itslightly attracts moisture from the air. 

(d) On the addition of a solution of pure potash, or pure 
soda, the alkali is disengaged, as is evinced by the pungent 
smell that arises on the mixture of these two bodies, though 
perfectly inodorous when separate. 

(e) Though generally considered as a neutral salt, yet, if 
placed on litmus paper and moistened, Berzelius observes, 
that the paper is reddened after some moments, as it would be 
by an acid. 

( a tie is Pele Ua by bar yia, strontia, lime, and mag- 
nesia. 


SECT, I.- HYDROGEN WITH NITROGEN, 407 


Nitrate of Ammonia. 


The most simple mode of preparing this salt is by adding 
carbonate of ammonia to dilute nitric acid, till saturation has 
taken place. If the liquor be evaporated, by a heat between 
70° and 100°, to a certain extent, it shoots, on cooling, into 
crystals, having the shape of six-sided prisms, terminated by 
long six-sided pyramids. Evaporated at the temperature of 
212°, it yields, on cooling, thin fibrous crystals ; and, when the 
evaporation is carried so far that the salt immediately concretes 
on a-glass rod by cooling, it then forms a compact and shape- 
less mass. 

The solubility of this salt varies, according to the tem- 
perature in which it has been formed. "When in crystals, it 
requires twice its weight of water for solution, or half its 
weight of boiling water. It deliquiates, in all its forms, when 
exposed to the atmosphere. . 

The most important property of this salt is the one which 
has been already described, viz. of yielding, when decom- 
posed by heat, the nitrous oxide. One pound of the 
compact kind gives, by careful decomposition, nearly five 
cubic feet of gas, or rather more than 34 doses; so that the 
expense, estimating the salt at 5s. 10d. the pound, is about 
2d. for each dose. . 

In a temperature of 600° this salt explodes, and is en- 
tirely decomposed. Hence it was formerly called xiirum 
jflammans. | 

Its composition varies according to the mode of its pre- 
paration, and is stated by Sir H. Davy as follows : 


Prismatic. Fibrous. Compact. 
CEE ORE RL clare te EF ACI 
LEAP SAPP PGI ST eee o 19/8 ammonia 
L20E: eels nee 18.2 invite oo G7 Water 


=e a 


100. 100. 100. 


The ‘prismatic variety is stated by Berzelius,* who inves- 


* 80 Ann. de Chim. 182. 
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tigated very CREE the results of its decomposition, te con- 
sist of 
Atom. 
Bciiaiaies tO 00S Rates eee ES 58 
Base...... 21.143 ....06 1 wee eee 17 
Waters, Sy E1ase © SAP OF eo 


100. 80 
The dry salt, therefore, is constituted of 1 atom of acid + 1 
atom of base, and its equivalent is 54 + 17 = 71. 


Carbonates of Ammonia. 


Carlonate of ammonia consists of one volume of carbonic 
acid and two volumes of ammonia, which, when mingled over 
mercury in that proportion, undergo complete condensation. 
As 100 cubic inches of carbonic acid weigh 46.56 grains, and 
200 of ammonia 36.36 grains, in all 82.92 grains, carbonate’ 
of ammonia must consist of 

Atom. 
Carbonie acid 200.4, 4 86.20 dua. 1 5. 12 22 


Ammonia ee eile othe ve SLSR! UIE 1 Aoe4 17 


. 100. 39 
These proportions differ very little from the experimental 
results of Gay Lussac (56.02 acid + 43.98 base). 
Bi-carbonate of ammonia was formed by Berthollet, by im- 
pregnating a solution of the common carbonate with carbonic 
acid gas, It crystallizes, when evaporated by avery gentle heat, 
in small six-sided prisms, has no smell, and but little taste. It 
consists, according to Berthollet, exclusive of water, of 
Atoms. 
Carbonic acid. .....+ 71.81 ....2 .... 44 
ATOIVONIG Oo see ess 2OsLG eeta el sete othe 


- 100. 61 
Sesqui-carbonate of Ammonia.—Besides these two compounds 
of ammonia and carbonic acid, there is another which is ge- 
nerally met with in the shops undér the name of swl-carbonate 
of ammonia. It is produced by exposing to heat, in a proper 
subliming apparatus, a mixture of muriate of ammonia and 
carbonate of lime, and if no loss occurred during the opera- 
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tion, it ought to consist of 1 atom of carbonic acid, 1 of am- 
monia, and 1 of water. But the heat, which is necessary to 
the decomposition, expels both ammonia and carbonic acid, 
and the resulting salt has the following proportions : 
Acid. Base. Water. 
According to-Dr. Ure*ivoerd (0G45 sv vew 80.5 ne 15. 
Mr. Phillips} .... 54.2 .... 29.3 .... 16.5 
Mere Dalton die 086 B90 ocee.a 2408 ol? de 1645 
The atomic constitution, nearest to the above proportions, 
and that which probably belongs to the salt in its perfect state, 
is as follows: 
WACO Ss we Vries Del Daw ye e's 5, BCOMS. |...%%7. 2 66 
EGC eb oe ves 6 20e | mane  BtOMS es os G4 
Water. ous vss TG 28ye guy) atoms... +. 6418 


———me 


100. 118 

Viewing it as a compound of 14 portions of carbonic acid, 
1 ammonia, and 1 of water, it has been called by Mr. Phillips 
a sesqui-carbonate, and if this view be unconnected with the 
notion of its containing the fraction of an atom, there can be 
no objection to the name. It is preferable, indeed, to that of 
sub-carbonate, which should be reserved for the compound, 
hitherto unknown, of 1 atom of acid and 2 of base. 

When the sesqui-carbonate is fresh prepared, it has a cry- 
stalline appearance and some transparency, and is hard and 
compact. It hasa pungent smell, and a sharp penetrating 
taste, and affects vegetable blues as uncombined alkalis do. 
It dissolves in twice its weight of cold, or an equal weight of 
boiling water. When exposed to the atmosphere, it loses 
weight very fast, ceases to be transparent, loses its odour, and 
becomes brittle and easily reducible to powder. When its 
chemical composition is now examined, it is found to be iden- 
‘tical with the bi-carbonate, or to consist of 

Two atoms of acid ...... cece ee 44 
One atom of base. .......e00008 17 
Two atoms of water ........... 18 


es 


79 


* Ann. of Phil. x. 206, + Quarterly Journ, vii. 294. 
$ Manch. Mem. iii.32. i oe 
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It has therefore lost, by exposure, 1 atom of acid and 
atom of base. 

By varying the proportions of the ingredients, and the re- 
gulation of the heat, it is possible to obtain a bi-carbonate at 
once by sublimation. (Annals of Philos. N. S. iii. 110.) 

Borate of Ammonia, formed by saturating boracic acid with 
ammonia, crystallizes somewhat like borax. When heated, 
part of the base is expelled. It.consists, according to Berze- 
lius, of | 


ACig «eden coe oT aD Peo wee TOO: 
AMMONIA . sacs KE OUIOS 6 ond hele aa 
Water... eset Ola aa 


100. 


Phosphite of Ammonia is a very soluble salt, and is with dif- 
ficulty brought to crystallize. 

A ipophosphite of ammonia is very soluble both in water 
and alcohel. Its composition has not been ascertained. 

Phosphate of ammonia may be formed by saturating the 
superphosphate of lime, resulting from the action of sulphuric 
acid on bones, with carbonate of ammonia. ‘The liquid, when 
evaporated spontaneously, crystallizes in low four-sided pyra- 
mids with square bases. It is soluble in twice its weight of 
water at 55° Fahr. When heated, it fuses, swells, and, if the 
heat be strongly urged, loses its alkaline base, the phosphoric 
acid being left in a glacial form. 

Sulphite of Ammonia crystallizes in six-sided prisms ter- 
minated by six-sided pyramids. It is soluble in an equal 
weight of cold, or in less than an equal weight of boiling water. 
It attracts moisture from the air, and rapidly passes to the 
state of a sulphate. It is constituted of 100 acid + 53.2 base, 
or of an atom of each of its elements; and the crystals consist 
of two atoms of salt and one atom of water. 

Hyposulphite of ammonia.—According to Mr. Herschel, 
this is strictly a bi-salt, consisting of 2 atoms of acid and 1 of 
base. It does not readily crystallize. Its taste is pungent and 
excessively bitter, When heated, it burns with a feeble flame, 
and evaporates. ? 

Sulphate of ammonia may be formed by uniting 100 parts of 


SECT. If. HYDROGEN WITH CARBON. . 41] 


the compact sesqui-carbonate with 88 of sulphuric acid, pre- 
viously diluted with water. The salt crystallizes in long flat- 
tened prisms with six sides, terminated by six-sided pyramids. 
These crystals have a cool, bitter taste; they slightly attract 
moisture from the air; are soluble in two parts of water at 
60°, or in an equal weight of boiling water. During solution 
they produce cold. When heated, they sublime; but the con- 
stitution of the salt undergoes some change. 

It is composed, according to Berzelius, of 


Sulphuric acid....... 53.1 .... 1 atom .... 40 
RTE Aree tn as 3g ea MEK ry es 17 
Water. eeo@e@eeeeeeee ®@ 94.3 e@eoe 2 do. @eee 18 


100. 75 


When dried as much as possible without decomposing it, 
Dr. Ure found that it lost an ‘atom of water, or that it con- 
sisted of 61 acid + 25. 96 ammonia, + 13.04 water. 

Selentates of ammonia.— Selenic acid unites with ammonia 
in three different proportions, forming seleniate, biseleniate, 
and quadriseleniate. ‘These salts, which are not important, 


are described by Berzelius. (Ann. de Chim. et Phys. ix. 260.) 


SECTION II. 
Combinations of Hydrogen with Carbon. 


On ty two distinct and well-characterized compounds of hy- 
drogen and carbon are at present known; for though it has 
been contended, by some chemical writers, that these two ele- 
ments are capable of uniting in almost all proportions, yet 
there seems no reason for believing that, in this instance, there 
is any departure from the general law, that bodies combine in 
‘ proportions which are few in number, and which are either 
equal, or are simple multiples or divisors of each other. 

The union of hydrogen with carbon cannot be effected by 
heating charcoal in hydrogen gas, for the cohesive attrac- 

A: 


412 OF COMPOUND ACIDIFIABLE BODIES. CHAP. VIII, 


tion of the particles of charcoal prevents the combination. ‘It 
may be effected, however, by exposing to a high temperature 
some of the solid and liquid compounds of hydrogen and char- 
coal, and it. is produced also by several natural operations, 
especially by animal and vegetable putrefaction. The gas 
which has a-minimum of carbon may be called, simply, car- 
bureted hydrogen gas. 


Arr. 1.—Carbureted Hydrogen Gas. 


It has been distinguished also by the name of heavy inflam- 
mable air, gas of marshes, hydro-carburet, proto-carburet of hy- 
drogen, and has peek termed by Dr. Thomson, li-hydroguret 
of carbon. 

This gas may be aaale e mixed, however, with about =1, of 
carbonic acid, and 1; or 25 of nitrogen gas, by stirring ‘the 
bottom of almost any stagnant pool of water, especially if 
formed of clay. When this is done by an assistant, the gas 
is copiously disengaged in bubbles, ere may be collected 
either in an inverted glass jar, or in an inverted bottle filled 
with water, into the rash of which a funnel is fixed. It 
should be washed, when collected, with lime water or liquid 
potash. } 

It may, also, be procured by the purification of gas from 
coal, by means of chlorine and solution of potash, applied in 
succession, in a manner which will afterwards be described in 
speaking of coal gas. 

Carbureted hydrogen, thus obtained, is permanent over 
water, which, after being well purged of air by boiling, is ca- 
pable of taking up about ,4th of its bulk. It has very little 
odour, the strong and disagreeable smell of coal gas being de- 
pendent on foreign admixtures. Its specific gravity, from Dr. 
Thomson's experiments and my own, is 0.555; and hence 100 
cubic inches, at.a mean of the barometer and thermometer, 
weigh 16.95 grains. 

When set on fire as it issues from a small orifice, it burns 
with a yellow flame, giving out vastly more light than hy- 
drogen gas. When mixed with atmospheric air, it may be 
kindled by a lighted taper, and it explodes with violence, pro- 
vided it forms not less than th of the mixture, and does not 
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exceed ith. With oxygen gas, the detonation is louder and 
more violent; but itis necessary that the oxygen should ra- 
ther exceed the inflammable gas in volume, and yet should 
not be more than 21 times its bulk. Under a pressure dimi- 
nished below one-fourth that of the atmosphere, the mixture 
ceases to be combustible; and its inflammability is also much 
lessened, by mingling’ it with carbonic acid and some other 
gases. ‘To burn it completely, it is necessary to use more than 
twice its volume of oxygen gas, of which exactly two volumes 
are consumed, and carbonic acid is produced, equivalent in 
volume to the inflammable gas. Now we know that in car- 
bonic acid gas there exists exactly its volume of oxygen ; and 
hence one volume of the oxygen spent is found in that com- 
pound, and the other volume has formed water with the hy- 
drogen, which last element must have existed in quantity equi- 
valent to twice the bulk of the inflammable gas. ‘The water 
produced may be collected by the slow combustion of the gas, 
but this is not necessary for calculating the proportion of its 
elements, which may be correctly estimated as follows. Since 
100 cubic inches (= 16.95 grains) afford by combustion 100 
cubic inches of carbonic acid, weighing 46.5 grains, and con- 
taining 12.69 grains of earbon, then 16.95 — 12.69 = 4.26 is 
the hydrogen in 100 cubic inches of carbureted hydrogen, 
which is, therefore, constituted of 


Grains. Grains. Grains. 
RWAECOON ts to OS ce COS? 3a LOO. 
Biydrogen.:' 4,26)... « 25.13 os pee Oa hd 


- 16.95 100. 133.41 


Or carbureted hydrogen gas may be stated to be composed 
of 2 volumes of hydrogen and 1 volume of gaseous carbon 
condensed into 1 volume. But 2 volumes of hydrogen re- 
quiring 1 volume of oxygen to form the binary compound,, 
water, which we have already considered to -be constituted of 
an atom of each element, the atomie constitution of carbureted 
hydrogen will be 1 atom of charcoal (= 6) + 2 atoms of hy- 
drogen (= 2) and the compound atom will weigh 8. From 
this view of its constitution, the name proposed by Dr. Thom- 
son (bi-hydroguret of carbon) is certainty most appropriate, 
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and it is only to avoid the inconvenience of laying aside one 
which is sanctioned by long usage, that I employ that of car- 
bureted hydrogen. * 

When carbureted hydrogen and chlorine gases are mixed 
together, no change happens either inimediataly or on stand- 
ing, provided light be carefully excluded; but if exposed to 
the ordinary light of day, and still more nant ud in sunshine, a 
mutual action ensues. If 4 volumes of chlorine, and 1 of carbu- 
reted hydrogen, be thus kept, during a few hours, in a bottle 
filled entirely with the mixture, and furnished with a well- 
ground stopper, on removing this under water, a sudden ab- 
sorption of muriatic acid gas sialic place, and 1 volume of car- 
bonic acid remains. Three volumes of chlorine and one of 
carbureted hydrogen afford a residue of carbonic oxide. In 
both cases, water is decomposed (for the gases do not act on 
each other if perfectly dry), the oxygen of the water uniting 
with the carbon, and its hydrogen with the chlorine. If the 
quantities be sufficiently large, and the sun’s rays fall on the 
mixture, a detonation ensues, which may also be pr oduced 
either by an electric spark, or by a lighted taper. 


Ant. 2.—Bi-carbureted Hydrogen, or Olefiant c—— 


This gas was discovered by the associated Dutch eee 
and was een by them olefiant gas, from a property which 
will presently be described. It has since been called di-carbu- 
reled or per-carbureted hydrogen, and by Dr. Thomson, hy- 
droguret of carbon. Itmay readily be obtained by distilling, 
in a glass retort, with a gentle heat, three measures of concen-— 
trated sulphuric acid, and one measure of alcohol. The mix- 
ture soon assumes a black colour and thick consistence, and a 
gas is disengaged which may be collected over water, and 
freed from carbonic acid by washing it with liquid potash. If 
left to stand long over water, it sustains-a diminution, that 
fluid being capable of taking up jth of its volume of the 
gas. 

Bi-catbureted hydrogen, when pure, has very little odour, 
except when mingled with a little sulphuric ether, which is 
formed along with it. Its specific gravity is stated by the 
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Dutch chemists at .909; by my experiments, made several 
years ago, it is .967; by those of Saussure, jun. .9852; and by 
Dr. Thomson’s latest trials 0.970. According to the last 
mentioned result, 100 cubic inches, at a mean of the barometer 
and thermometer, weigh 29.64 grains. _ | 

This gas, when set on fire as it issues from the orifice of a 
small pipe, burns with a remarkably dense and bright flame, 
very superior to that of simple carbureted hydrogen. When 
mingled with oxygen gas, it detonates very loudly and forcibly, 
and if fired by electricity in a Volta’s eudiometer, is apt, unless 
very small quantities be employed, to burst the instrument. 
One volume requires for saturation three volumes of pure 
oxygen gas, and affords two volumes of carbonic acid gas. 
But in order to insure the perfect combustion of the inflam- 
mable gas, it should be mixed with 5 times its bulk of oxygen, 
of at least 90 per cent purity. If too little oxygen be used, 
charcoal is apt to be precipitated unburned ; and the excess of 
oxygen does no harm, but remains in the mixture. When 
fired with less than its own bulk of oxygen, the separation of 
charcoal is very evident, and the bulk of the residue is greater 
than that of the original gases. 

Calculating the constitution of this gas, from the oxygen 
spent in its combustion and the carbonic acid formed, pre- 
cisely as was done with respect to carbureted hydrogen, we 
have the following results, the first column including the com- 
position of 100 cubical inches. 


Grains. Grains. Grains. 
Charcoal . po 25.38 onpeecee 85.63 eooeveee 100. 
Hydrogen... 4.26...... 14.37...... 16.71 


nes a 


29.64 100. 116.71 


In this gas, therefore, 100 grains of charcoal are united 
with 16.71 hydrogen, and in the last with 33.41; or, as nearly 
as possible, olefiant gas contains only one half the hydrogen. 
Its constitution may hence be stated as follows : | 


Vols. of Carb. Vols. of Hydr. At.of Carb. At. of Hydr. 
In.each volume.... 2...+ 2 = 1 + 1 


a 
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The compound atom, therefore, will weigh 6 + 1 = 7. 
Its greater combustibility evidently depends on its containing, 
in a given volume, twice the quantity of carbonaceous matter 
that is present in sl che hydrogen. 

When olen ; and ¢ehlorine gases are mixed together in 
equal quantities, an mmediate aa ensues ; and this 
effect takes place, even when the yessel is shaded from the 
light by an opake cover. It is therefore wholly independent 

of the agency of light, and may be made the pasts ofar og 1 


gases. For “ef the diminution thus pr eduped; one half i is due 
to the olefiant, and one half to the chlorine gas, those gases 
having been ascertained to saturate each other in equal vo- 
lumes. Into a graduated tube standing over water, admit 30 
or 40 measures of chlorine gas, and note its bulk when actually 
in the tube, which must be shaded by an opake cover. Then 
add a known quantity (suppose 50 measures) of the gas under 
examination; and, after ten minutes, cautiously lift the outer 
cover, till the surface of the water appears. If the volume of 
the two gases has suffered no diminution, we may infer the 
absence of olefiant gas; but if the united bulk of the. two 
gases be less than the sum of their separate volumes, divide 
the diminution by 2, and the quotient will show how much 
olefiant gas has been condensed. In this way I have found 
that olefiant and carbureted hydrogen gases may be accurately 
separated from each other ; but it is necessary to use a slight — 
excess of chlorine, which may afterwards be removed by 
washing the residue with liquid potash, and the carbureted 
hydrogen will then be obtained pure. 

By the action of chlorine gas on Hiodrbureed hydrogen, 2 
liquid substance is formed, in appearance very much resemb- 
ling oil, and which, being at first mistaken for oil, occasioned 
this, gas to be called ekaas. It possesses, however, very dif- 
ae properties from those of oil, and more nearly approaches 
in character to ether. It may be collected in quantity, by 
mixing large volumes of chlorine and bi-carbureted hydrogen, 
taking care to have an excess of the latter gas; and it may be 
purified by washing it with water, and then distilling it from 
dry chloride of calcium. It has an agreeable etherial smell, and 
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a not unpleasant taste. Its specific grayity at 45° F. is 1.2201 ; 
it boils at 152°; at its vapour is capable of supporting a- 
column of mercury 24.66 inches in ace oh the specific 
gravity of its vapour is to that ofair as ™ 

sists of 1 vol. of chlorine + “yy vol. of 
into 1 vol.; or by weight of | ? 


Chlorine . Pees 
Olefiant gas 


*. | | 
100. 


Or it is constituted of two atoms of bi-carbureted hydrogen | 
+ 1 atom of chlorine gas. It has been called by Dr. Thom- 
son, chloric ether; but.a more appropriate name would be 
hydro-chloride of carbon... © ~ : 

When olefiant gas is mixed with eight or nine times its 
bulk of chlorine, and exposed to the sun’s rays, at first. the 
fluid hydro-chloride of carbon is formed, and this, by con- 
tinuing the exposure, is changed into the crystalline com- 
pound of carbon and chlorine, discovered by Mr. Faraday, 
and already described as the perchloride of carbon. . 

When iodine and olefiant gas are exposed in a similar 
came to the sun’s rays, the two substances unite, and form 
colourless crystals.. When the redundant iodine has been 
washed away by liquid potash, and the residue collected and 
dried, it is a solid white crystalline body, heavier than. sul- 
phuric acid; having a sweet taste and an aromatic smell; 
friable, and a nonconductor of electricity; fusible, and capable 
of being. sublimed at a moderate heat without change; but 
decomposed by a strong heat. It is not readily: combustible, 
but, when held in the flame of a spirit lamp, burns, diminishing 
the flame, and giving off abundance of iodine and some fumes 
of hydriodic acid. . It is insoluble in water, and in acid and 
alkaline solutions; but dissolves i in alcohol and in-ether. It 
may be termed h ydriodide of carbon,. or Ahydro-carburet. of 
iodine. (Faraday, Phil. Trans. 1821.), From arecent analysis 
by Mr. Faraday, it appears to consist’ of 1 atom of iodine 
+ 2 atoms of olefiant gas. (Quarterly Journal, xiii. 429.) 
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nbustible fe aes Moist Char- 
coal, Alea, Ether, Coal, Oil, Tallow and Wax. 


The two gases, which have»beer en. jt ‘ described under — 
names of carburete | ure 
me to be the only com Pends of shag a Cents that have as 
yet been pr oved to be distinct and well-characterized species ; 
though it is extre ey probable, as I have shown in the Phil. 
Trans, for 1820, that another gas exists, which was firs , ob- 
served by Mr. Dalton is heavier and morecombustible tha | 
fiat teas; and contains a larger proportion of carbon. It is of 
mixtures of two or more of those three gases, with occasionally 
a propor tom of carbonic oxide, that the almost infinite variety 
of aériform p products are constituted, which are obtainable by 
the exposure of moistened charcoal, of alcohol or ether, of oil, 
tallow, wax, or coal, toa heat a little above ignition. ‘This 
view of the subject, at least, appears to me much more pro- 
bable, than that they are so many distinct compounds of 
carbon and hydrogen, which, on this theory, would be capable 
of uniting in all possible proportions with each other. 

Of these aériform compounds, the gases from coal and from 
oil are of most importance, from their widely extended use in 
artificial illumination. | 
- Coal Gas.—By submitting coal to distillation in an iron 
retort, besides a portion of tar and solution of carbonate 
of ammonia, which condense in a liquid form, a large 
quantity of permanent gas is evolved. This gas I have 
shown (Phil. Trans. 1808 and 1820) is extremely variable in 
composition and properties, not only when prepared from dif- 
ferent coals, but from the same kind of coal under different 
circumstances. Within certain limits, the more quickly the 
heat is applied, the greater is the quantity, and the better 
the quality, of the gas obtained from coal; for too slow a 
heat expels the inflammable matter in the form of tar. The 
early products of gas are, also, the heaviest and. most com- 
bustible, and there” is a gradual decline in quality towards 
the close ‘of the distillation, insomuch that the last products 
are inferior, by more than one half, to the first. The ge- 
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neral name of coa gas is, therefore, quite indefinite. It 
is, in fact, a mix ure of the tw rieties of carbureted 
eas with a third sient remains to® be more fully 
hydrogem gas, carbonic oxide, 
retec Bi drogen gases, In 
ever-varying proportiove: To describe the methods of sepa- 
rating these gases from each other, would lead into minute 
details not suited to an elementary work, and I refer therefore 
to the papers which I have published in the Phil. Trans. for 
808 and 1820, and in the 3d. vol. 2d. Series, of the Man- 
- chester Society’s Memoirs, or Annals of Philosophy, vol. xy. 

Coal gas, as generally procured, has a very disagreeable 
odour, arising from sulphureted hydrogen, and, perhaps, a 
little sulphuret of carbon ; but both these may be washed out 
of it by cream of lime, with (as I have shown) very little loss of 
illuminating power, and with an entire removal of all unplea- 
sant smell either before or during burning. The best gas 
has the specific gravity .650 or upwards; and each volume 
consumes about 2+ volumes of oxygen and gives 14 volume 
of carbonic acid; the last portions have a specific gravity 
as low as .340, and each volume consumes about 8-10ths 
of a volume of oxygen, and gives about 3-10ths of a volume 
of carbonic acid. In the best gas, chlorine, applied as directed 
page 416, detects from 13 to 20 per cent. of olefiant gas, and 
the remainder is almost pure carbureted hydrogen: but the 
last products contain little or no olefiant gas, much less car- 
bureted hydrogen, and instead of these, a large proportion 
of hydrogen and carbonic oxide, both of which afford very 
little light by their combustion. 

It is scarcely possible to assign the quantity of gas, which 
ought to be obtained from a given weight of coal, but it 
may be considered as an approach to a general average to 
state that 112lbs. of good coal are capable of giving from 450 
to 500 cubic feet of gas of such quality, that half a cubic foot 
per hour is equivalent to a mould candle of six to the pound, 
burning during the same space of time. 

* Oil Gas——In Nicholson’s Journal for 1805, I have given 
an account of some experiments on the gas obtained by the 
destructive distillation of spermaceti oil, which showed that’ 
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of all the artificial gase is, next to olefiant gas, constimes 
most oxygen, and is tl ; adapted to afford light. Since 
that time, an apparatus has been invented. by Messrs. Taylor, 
of London, which has greatly f ‘ilitated the preparation of wes 
gas on a large s scale, & id 
of artificial eh. Fhe process consists. in eens whale oil 
(the purity of which is not essential, since very ‘aiiee oil. 
answers the purpose) fall by drops into an iron eylinder placed _ 
horizontally in a furnace, and ignited to a cherry redness. 
From each wine gallon of oil, about 100 cubic feet o 
may with care be obtained, of the specific gravity of more ‘than 
-900, containing upwards of 40 per cent. of gas condensible — 
by chlorine, kod of which 100 volumes consume 260 volumes 
of oxygen, and yield 158 of carbonic acid. But of gas from 
Wigan cannel, when the whole product is mingled together, 
100 measures do not saturate more than 155 of oxygen, and 
give 88 measures of carbonic acid. Oil gas, therefore, from. 
this document, may be inferred to contain, in a given volume, 
twice the quantity of combustible matter that is present in the 
average of gas from cannel coal; and its illuminating power 
will be as 2 to 1. ‘The experiments of Mr. Brande led him 
to conclude, that to produce the light of ten wax candles for 
one hour, there will be required 


2600 cubical inches of olefiant gas 
AG TD. asin: 9: vac osbjeteie aia/ey OU PAS. 
GOs: eines wid eke coal gas. . 


But it seems probable that the coal gas, einpldjed in these 
experiments, was below the general standard, and that it is a 
fair average to consider 1 volume of oil gas as equivalent to 
2 or at most 24 volumes of gas from coal of good quality. 
This estimate agrees with the experience of the late Mr. 
Creighton, of Glasgow, author of the excellent article ‘ Gas. 
Lights,’ in the Supplement now publishing to the Encyclop. 
Britan. Oil gas he considers as superior, in an equal volume, 
to good arcsec coal gas, in the proportion of only 2 to 1; 
and he has’given the following Table of the comparative ex- 
pence of lighting. with these two Bate, and with oil and. 
tallow. 2 | 


at 
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* be. . s. a 
Valuing the quantity of light 1 Ib. of tallow 
gives in candies at... .ic.. come. ls lila. vee hi O 
An equal quantity of light from sperm. oil con- 
sumed in an Ar altel’ S lamp,» wercost ...... 0 6 
Do. from, whale, ofeasij-yis a ORAS anne OME 
Dostrom coal cna; 0 at aoa emote cs 0 2 


_ ‘Twenty cubic feet of coal gas, or ten of oil gas, he con- 
siders as equivalent to a pound of tallow, and 5000 grains of 
good sperm. oil to 7000 of tallow, or 1]b. avoirdapoia. 

The advantages of oil gas over gas from coal are, that 
smaller distilling vessels are required; that gazometers and 
conduit pipes of half the capacity are sufficient; that no 
washing apparatus is necessary; that the trouble and expence 
‘of removing waste materials is avoided; and_that the gas 
affords a much brighter light, and with a smaller production 
of heat, and also Af water. When only a moderate quantity 
of light is required; when it is an object to save room. or 
labour; and in countries where coal is dear, oil gas is entitled 
toa decided preference ; but it cannot be br ought into compe- 
tition with coal gas, where coal is cheap, or ‘relia the esta- 
blishments to be lighted are of very considerable magnitude, 
and of such a nature as to allow of their being freely ventilated. 

Of the comparative value of different compounds of hydro- 
gen and charcoal for the purpose of illumination, it still ap- 
pears to me that the only accurate test is the one which I pro- 
posed in Nicholson’s Journal for 1805, viz. the quantities of 
oxygen gas required to saturate equal volumes. If 100 mea- 
sures, for instance, of one gas, require for perfect. combus- 
tion 100 measures of oxygen, and 100 measures of another 
gas take 200 of oxygen, the value of the second will be double 
that of the first. Specific gravity, though a guide to a certain 
extent, is not a sufficient one, for the weight of a gas may. be 
owing toa large proportion of carbonic oxide, which. is .ca- 
pable of giving out only a very small quantity of light. Pho- 
tometrical experiments, also, appear to me to require greater 
perfection in the instruments that have been. invented for that 
purpose, before we can implicitly ‘trust to results obtained. by 

- their means; but there can be no fallacy in the combustion 

of these gases by oxygen, if conducted with ordinary care, 
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and especially if, in each instance, an average be taken of two 
or three trials, which need not occupy more than a few 
minutes. Nor can it admit of a doubt that, other circum- 
stahices being equal, the brilliancy of light, evolved by the 
combustion of gases which are constituted of purely inflam- 
_mable matter, will bear a proportion to their densities, per- 
haps even a greater proportion than one strictly arithme- 
tical; because, while by the combustion of denser gases a 
higher temperature is produced, the cooling agencies remain 
the same. It is probable, therefore, that of two gases, com- 
posed of the same ingredients, that which has a double density 
will afford somewhat more than a double quantity of light. 


Art. 4.—On the Fire Damp of Coal Mines, and the Construc- 
tion and epreple of the Safety-Lamp of Sir H. Davy. 

The fire-damp of coal mines, by an analysis omit which I 
published in 1806, was shown to be identical in composition 
with light carbureted hydrogen.* This conclusion coincides 
with the subsequent results of Sir H. Davy, who has enlarged 
our knowledge of the chemical history of the fire-damp, by 
several important facts,+ and has been led, by an ingenious 
and happy chain of reasoning, to a discovery most important 
to the interests of humanity. The most readily explosive 
mixture of fire-damp with common air he found ‘to be one 
measure of ‘the inflammable gas to seven or eight of'air. ‘The 
mixture was not capable of being set on fire by charcoal in 
a state of active combustion, nor by iron ignited to a red 
or even to a white heat, except when in a state‘of brilliant 
combustion; in which respects, the fire-damp differs from 
other combustible gases. 

It was in attempting to measure the expansion, occasioned 
by the combustion of a mixture of fire-damp and air, that Sir 
H. Davy discovered a fact, which afterwards ‘led him ‘to the 
most novel and important results. An explosive mixture 
could not, he ascertained, be kindled in a glass tube so narrow 
as 1 of an inch diameter; and when two separate reservoirs 
of an explosive mixture were connected by a metallic tube, 
+ of an inch diameter and 14 inch in length, and one of the 


# Nicholson’s Journal, xix, 149. + Phil. Trans. 1816. 
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portions of gas was set on fire, the explosion did not extend 
to. the other. Fine wire sieves or wire gauze, interposed 
between two separate quantities of an explosive mixture, were 
also found to prevent the combustion of one portions from 
spreading to the other. A mixture of fire-damp and air, in ex~ 
plosive proportions, was deprived of its power of exploding, by 
the addition of about 3 its bulk of carbonic acid or nitrogen gas. 

Reflection on ee facts suggested to Sir H. Davy the pos- 
sibility of constructing alamp,* in whieh the flame, by being 
supplied with only a limited quantity of air, might produce 
carbonic acid and nitrogen, in such proportion as to destroy 
the combustibility of explosive mixtures; and which might, 
also, by the nature of its apertures for giving admittance and 
exit to the air, be rendered incapable of spreading combus- 
tion to the surrounding atmosphere, suppositigs shis to be an 
inflammable one. Pipe | 

This most desirable object was accomplished by the use of 
air-tight lanterns, supplied with air through tubes or canals 
of small diameter, or through apertures: 
covered with wire gauze below the flame, 
and having a chimney at the upper part on 
a similar system, for carrying off the foul 
air. The apparatus was afterwards simpli- 
fied by covering or ‘surrounding the flame | 
of a lamp or candle with a cylindrical wire © 
sieve, having at least 625 apertures in a 
square inch. (See the sketch.) Within this 
cylinder, when the fire damp encompasing 
it is to the air as.1 to 12, the flame of the 
wick is seen surrounded by the feeble blue 
flame of the gas. When the proportion is 
as 1 to 5, 6, or 7, the cylinder is filled with 
the flame of the fire-damp; but though the 
wire gauze becomes red-hot, the exterior air, 
even when explosive, is not kindled. The 
lamp is therefore safe in the most dangerous De aatinces and 


* A full history of the Safety Lamp, and of the chemical researches con- 
nected with it, has been published by Sir H. Davy, 8vo. printed for R. 
Hunter, 1818. In the Phil. Mag. 1. 387, a document, also, may be found 
which fully establishes his claim to the priority of the invention. 
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has been used most extensively in the mines of Whitehaven, 
Newcastle, and other places, without the occurrence of a single 
failure or accident. ) | 

The effect of the safety-lamp depends on the cooling agency — 
of the wire gauze, exerted on the portion of gas burning within 
the cylinder.. -Hence a lamp may be secure, where there is 
no current of an explosive mixture to occasion its being 
strongly heated; and yet not safe, when the current passes 
through it with great*rapidity. But any atmosphere, how- 
ever exis] genes may be rendered harmless, by increasing the 
cooling surface ; which may be done, either by dininiaMnng the 
size BE the apertures, or- by increasing their depth, both of 
which are perfectly within the power of the manufacturer of 
the wire gauze. 

Ww. ae a small coil of platinum wire is hung above the wick 
of the lamp within the wire gauze cylinder, the ‘metal con- 
tinues to glow, long after the lamp is extinguished, and affords 
light enough to guide the miner in what would otherwise be 
impenetrable darkness. In this case, the combustion of the 
fire damp is continued so slowly, and at so low a temperature, 
as not to be adequate to that ignition of gaseous matter which 
constitutes flame, though it excites a temperature sufficient to 
render platinum wire luminous. A similar; ignition of pla- 
tinum wire, it has been found, may be supported for many 
hours, by surrounding the flame of a spirit lamp with small 
coils of that metal, not eucdedigare _1. of an inch in diameter. 
Twelve coils of this wire, twisted Spigally round the tube of a 
tobacco-pipe, or round any thing that will render the coils 
about -8, of an inch in diameter, are to surround, six the 
wick of the lamp, and six to remain elevated above the wick. 
The wick should be small, and quite loose in the burner of the’ 
lamp; and the fibres of the cotton, surrounded by the coil, 
should be laid as straight as possible. When the lamp, after 
being lighted for a me moments, is blown out, the platinum 
wire continues to‘ glow for several hours, as long as there is a 
supply of spirit of wine, and to give light enough to read by ; 
and sometimes the heat produced is sufficient to re-kindle the 
lamp spontaneously.* 


* Thomson’s Annals, vol, xi. 
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SECTION III. 
Hydrogen with Phosphorus.—Phosphureted Hydrogen Gas. 


_ By heating solid phosphorous acid out of the contact of air, 
a large quantity of‘elastic fluid is generated, which may be col- 
lected by a proper apparatus, and has characteristic properties. 
According to Dr. Thomson, the same gas may also be formed 
by exposing bi-phosphureted hydrogen to the direct rays of 
the sun, which occasions the precipitation of part of the phos- 
phorus. 

It has a disagreeable smell, but is not so offensive as bi- 
phosphureted hydrogen. It does not burn spontaneously, 
when brought into colltact with air, but detonates violently 
when heated with oxygen to about 300° Fahrenheit; or when a 
mixture of the two gases is rarefied by diminished pressure.* 
It explodes in AE with a white flame. Water absorbs 
about 4 its volume. Its specific gravity was found by Sir H. 
Davy to be to that of hydrogen as 12 to 1, or to air as 0.87 to 
1. He gave it the name of “hydro-phosphoric gas, but he has 
since adopted that of phosphureted hydrogen. Dr. Thom- 
son ascertained its specific gravity, air being 1, to be 0.9653, 
and he has proposed for it the name of Li-hydroguret of phos- 
phorus. By a calculation founded on the proportion of its 
elements, its true dies > Brayiey should be 0.9722. 

Potassium doubles its yolume, and the residue is pure hy- 
drogen. Sulphur occasions the formation of sulphureted 
hydrogen, equal in volume to twice the original gas. Three 
parts of it in volume condense more than five a oxygen ; or, ac- 
cording to Dr. Thomson, 1 volume requires 2 volumes of 
oxygen for complete combustion, one volume of which goes 
to the saturation of the hydrogen, and the remaining yo- 
lume unites with the phosphorus. In this case phosphoric 
acid is formed. If only 14 vol. of oxygen be used, phos- 
phorous acid is produced. One in volume absorbs four 
of chlorine.. It appears to be constituted of two atoms of hy- 


* 6 Ann. de Chim. et Phys. 304. 
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drogen and one of phosphorus; and the hydrogen in it is con- 
densed into half its bulk. In that case the weight of its atom 
will be 2 + 12 = 14. | 

Its formation appears to be owing to the decomposition of 
water, the oxygen of which, with part of the phosphorous acid, 
forms phosphoric acid, while the hydrogen, dissolving the ex- 
cess of phosphorus existing in another portion of phosphorous 
acid, composes the peculiar gas. 


Bi-phosphureted Hydrogen Gas. 


I. This gas may be procured, by boiling, in a retort, a 
little phosphorus with a solution of pure potash, or by throw- 
ing into water, acidulated with muriatic acid, and contained in 
a retort or gas bottle, a few lumps of phosphuret of lime (see 
ehap. ix. § 4); or, indeed, simply by the action of the latter 
compound upon water. ‘The water is decomposed; its oxygen, 
uniting with the phosphorus, forms phosphoric acid, which 
eombines with the alkali, while the hydrogen dissolves another 
portion of phosphorus, constituting bi-phosphureted hydrogen 
gas, or, as Dr. Thomson terms it, hydroguret of phosphorus. 
This gas may also be obtained, by putting into five parts of 
water halfa part of phosphorus, cut into very small pieces, 
with one of finely granulated zine, and adding three parts 
of strong sulphuric acid. ‘This affords an amusing experi- 
ment. ‘The gas is disengaged in small bubbles,. which cover 
the whole iurfacd of the fluid, and take fire on reaching the 
air; these are succeeded by others, and a well of fire is’ pro- 
‘duced. (Davy. ) 

In preparing this gas from ‘phosphorus and anes of 
potash, for exhibiting its spontaneous accension, both the body 
and neck of the retort should be entirely filled with the solu- 
tion, which Dr. Coxe, of Philadelphia, recommends to be 
almost boiling: hot. He employs a retort holding from half a 
pint to a pint; andafter introducing both the phosphorus and 
the solution, fixes its neck on an inclined plane formed of 
a block of wood, the upper extremity of which is overhung by 
the body of the retort, while its mouth projects over the lower 
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end, and is dipped into a small bowl filled with a hot.solution 
of potash, as represented in the figure, The gas, extricated 


by the flame of a lamp, accumulates; and, forcing the alkaline 
solution down the neck, at length escapes, through the hot so- 
lution in the bowl, into the air, where itinflames. Should the 
heat slacken, and an absorption ensue, nothing passes into the 
retort but the hot solution of .alkali from the bowl; and this, 
as the retort is secured from being displaced, does no harm. 
In this way, a torrent of gas may be kept. up, as long as. there 
remains sufficient of the:solution in the retort; and all danger 
of breaking the-retort is avoided. 

II. The properties of this gas are the following : 

(a) It takes fire immediately on coming into contact with 
the atmosphere. ‘This.may be shown by letting it escape into 
the air, as it issues from the retort, when a very beautiful ap- 
pearance will ensue. A circular dense white smoke rises in 
the form of a horizontal ring, which enlarges its diameter as 
it ascends, and forms.a kind of corona. The gas produces 
also a flash of light, when. admitted into the best vacuum that 
can be made by an air pump. 

(b) When mixed suddenly with oxygen gas, it detonates. 
One measure requires 14 of oxygen for complete saturation ; 
and the product is phosphoric acid. It may also be combined 
with an equal volume. of oxygen, and the product is then phos- 
phorous acid. ‘This experiment should be made cautiously, 
and in small quantity. But in a tube only three-tenths of an 
inch in diameter, the mixture does not detonate. 

(c) The same phenomenon ensues on mixing it with chlo- 
rine gas, or with nitrous oxide. Three volumes of chlorine 
are condensed by one of bi-phosphureted hydrogen ; and ‘the 
products are muriatic acid and per-chloride of phosphorus. 
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When 1 vol. of biphotstundtaa hydrogen is mixed with 3 
of nitrous oxide, and an electric spark passed through the 
mixture, there remain after detonation 3 vols. of nitrogen. 
Hence the phosphureted hydrogen has in this case combined 
with 14 volume of oxygen. 

When fired with a similar proportion of nitrous gas, there 
remains only 14. volume of nitrogen; and as nitrous gas con- 
tains half its bulk of oxygen, the bi-phosphureted hydrogen 
must have combined with 14 volume of oxygen as before. 

When mingled with any of these gases, it should be passed 
up. by not more than a bubble or two at once. 

(d) Sulphurous acid and bi-phosphureted hydrogen gases, 
when mingled together, mutually decompose each other. 

(e) It deposits phosphor us, by standing, on the inner sur- 
face of the receiver, and loses its property of spontaneous 
‘accension, its volume remaining the same. It is, also, decom- 
posed by electricity, without any change of volume. 

(f) Its specific gravity is very variable. Sir H. Davy has 
obtained it, from phosphorus and alkaline lixivia, of all spe- 
cific gravities from .400 to .700; Mr. Dalton states it at .850, ~ 
air being 1.000, and Dr. Thomson at .902.2. The quantity 
absorbed by water is fixed by the former at =, its bulk, and 
by the latter at j.. Dr. Thomson makes it =. | 

(g) Two measures of the gas heated with potassium become 
three, and phosphur et of potassium is formed. | 

(h) When iodine is heated in ‘bi-phosphureted hydrogen, 
‘iodide of phosphorus, and probably hydriodic acid, are formed. 

From all that is known respecting this variety of phos- 
phureted hydrogen, it may be inferred to consist of 1 atom of 
‘hydrogen + 1 atom of phosphorus; and the weight of its 
~atom will be represented by 13. 

We have, therefor a two compounds of phosphorus and hy- 
drogen, viz. 


-Phosphureted hydr., or 2 vols. of hydr. . condensed 
Bi-hydroguret of phosp. 1 vol. of phosp. § into 1 vol. 


Bi-phosphureted hydr. ae ma {i vol. of hydr. ) condensed 
Hydroguret of phosp ~ U1 vol. of phosp. f into 1 vol. 


And if the specific gravity of the vapour of phosphorus be 
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correctly assumed at 0.8328, and that of hydrogen at 0.0690, 
it is easy to estimate what should be the specific gravity of 
both those gases in a pure state. As the first gas consists of 
1 atom of phosphorus + 2 of hydrogen; and the second of 1 
of phosphorus + 1 of hydrogen, it must be admitted that the 
names bi-hydroguret, proposed by Dr. Thomson for ‘the first, 
and hydroguret for the second, are more appropriate than 
those which have hitherto been in use. 

The existence of different varieties of phosphureted hy: 
drogen has, however, been denied by Mr. Dalton, whose ex- 
fone have led him to the conclusion, that the apparent 
diversities of composition are occasioned by the admixture of - 
various proportions of free hydrogen and phosphureted. hy- 
drogen. ‘These two gases admit, he finds, of separation by 
liquid chloride of lime, which absorbs the phosphureted hy- 
drogen, and not simple hydrogen. 

One volume of phosphureted hydrogen, in a pure state, re- 
quires, according to Dalton, two volumes of oxygen for sa- 
turation. When electrified per se, it is expanded one-third 
of its volume. It is absorbed by eight times its bulk of water. 
When two parts are mixed with. five of nitrous gas, and an 
electric spark is passed through the mixture, a brilliant ex- 
plosion takes place; and the results are phosphoric acid and 
water, and nitrogen gas, less in bulk by 2 or 3 per cent. than 
half the volume of the nitrous gas.* 


——— 
SECTION IV. 
Hydrogen with Sulphur. 
Sulphureted Hydrogen ae 


SuLPHURETED hydrogen gas, though known to Rouelle, 
was first investigated by Scheele in 1777; and afterwards by 
Bergman, Kirwan, Berthollet, Chaussier, Davy, and Gay 
Lussac and Thenard. It may be formed by repeatedly sub- 

liming sulphur in hydrogen gas; but this process is of little 


* Thomson’s Annals, xi. 7. 
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use, except to prove its nature by direct synthesis, for it is im- 
possible thus to convert nearly the whole of any quantity of 
hydrogen into the compound gas. For the purposes of ex- 
periment, it may be procured by any one of the following 
methods; but the fifth is, perhaps, on the whole, the best. 

1. By the action of diluted sulphuric acid on sulphuret of 
iron, prepared in the following manner. A bar of iron is to 
be heated to a white or welding heat in a smith’s forge, and, 
in this state, is to be rubbed with a roll of sulphur. The me- 
tal and sulphur unite, and form a liquid compound, which falls 
down in drops. These soon congeal; and the compound 
must be preserved in a well-closed phial. 

The sulphur et, prepared by melting iron filings mith 
sulphur in a crucible, does not answer the purpose equally 
well, because the gas, which it affords, is mixed with a good 
deal of hydrogen gas. 

2. Gay Lussac prepares sulphuret of iron, :by Sales iehatinge 
into a matrass two parts by weight of iron filings and one of 
flowers of sulphur. To these, water is added in sufficient 
quantity to give a thickish consistence; and the matrass is 
heated a little, to favour the combination, which is indicated 
by a copious disengagement of heat, and by the whole mass 
assuming a black colour. From this compound, sulphuric 
acid, diluted with four times its volume of water, separates 
sulphureted hydrogen in great abundance. It is better to pre- 
pare the compound when wanted, than to keep it ready made, 
because, unless very carefully preserved from contact with the 
air, it becomes less fit for the purpose of affording gas.* 

4. The sulphuret of potash, if prepared by boiling flowers 
of sulphur with liquid potash quite free from carbonic acid, 
gives pure sulphureted hydrogen, when acted upon by diluted 
sulphuric or muriatic acid. 

5. To a mixture of powdered sulphuret of antimony (crude 
antimony of the shops) with 5 or 6 times its weight of muri- 
atic acid (sp. gr. 1.160 or thereabouts) contained in a retort 
or gas bottle, apne the heat of a lamp. Sulphureted hydro- 
gen will be disengaged in great abundance. 


* Ann.de Chim, et Phys, vii. 314, 
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Whichever of these processes be followeeit is advisable, 
as the gas is absorbed quickly by standing over water, to re- 
-. ceive it into bottles provided with glass stoppers, and after 
filling them entirely with the gas, to introduce the stopper. 

II. Its properties are the following: ~ 

(a) Its smell is extremely offensive, resembling that of pu- 
trefying egos, or of the washings ofa gun barrel, to which in- 
deed it imparts their offensive odour. 

(4) It appears to be one of the most unrespirable of all the 
gases, for a small bird died immediately in air containing only 
s55 Of its volume of sulphureted hydrogen; a doe perished 
in air mingled with ,4,; and a horse in air containing =... 
(Thenard, i. 723.) 

(c) It is inflammable, and burns either silently or with an 

explosion, according as it is previously mixed, or not, with 
oxygen gas or atmospheric air. During this combustion, 
water results from the union of the hydrogen with the oxygen, 
and sulphurous acid, with a little sulphuric acid, from that of 
the oxygen and sulphur. Two measures require three of 
oxygen gas, one measure of which saturates the hydrogen, 
and two the sulphur. 
_ (d) It tarnishes silver, mercury, and other polished metals, 
and instantly blackens white paint and solution of acetate of 
lead. By direct experiments, I have found that one measure of 
this gas, mixed with 20,000 measures of hydrogen, or of carbu- 
reted hydrogen, or common air, produces a sensible discolo- 
ration of white lead, or of oxide of bismuth, mixed with water 
and spread upon a piece of card.- In this way we may ascer- 
tain the presence in coal gas of extremely sinall quantities of 
sulphureted hydrogen; and may even form a tolerable esti- 
mate of its proportion, when too minute to be otherwise mea- 
sured, by comparing the shade of colour, with a series that has 
been prepared for the purpose, by exposing slips of card co- 
vered with white lead and water to mixtures of sulphureted 
hydrogen and common air in known proportions. 

(e) Sulphureted hydrogen is absorbed by water, which takes 
up its own bulk, or according to Saussure twice and a half, or 
to Gay Lussac, three times, its bulk of the gas; but in or- 
der to obtain so considerable an absorption, the gas, submitted 
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to experiment, should be perfectly free from common hydro- 
gen. Water thus saturated acquires the peculiar smell of the 
gas. It is this gas which gives to the Harrogate, and some 
other natural waters, their disagreeable odour. Liquid mu- 
riatic acid absorbs at least three times its volume oi the gas ; 
and ae acid, diluted with an equal weight of water, once 
and a half-its volume. 

(f) Water, saturated with this gas, reddens the inGdon of 
violets, in this respect producing the effect of an acid. From 
this and other properties, some of the German chemists have 
proposed for it the name of hydrothionic acid ;and Gay Lussac 
has given it the very objectionable name of hydro-sulphuric — 
acid, a term which would be much more properly applied to 
‘liquid sulphuric acid. | | 

(g) Water impregnated with sulphureted hydrogen, when 
exposed to the atmosphere, becomes covered with a pellicle of 
sulphur. Sulphur is even deposited when | the water is kept 
in well-closed bottles. 

(h) On the addition of a few drops of nitric or nitrous acid 
to the watery solution, sulphur is instantly precipitated. In 
this case the oxygen of the acid combines with the hydrogen 
of the gas, and the sulphur is separated. The gas itself, also, 
is decomposed when transmitted through sulphuric, nitric, or 
arsenic acids.* 

(i) Sulphureted hydrogen is decomposed by mixture with ; 
chlorine, which seizes the hydrogen, and sulphur is precipi- 
tated. Vogel obtained, also, a liquid, analogous to the chlo- 
ride of sulphur of Dr. Thomson. Iodine decomposes it, and 
hydriodic acid is formed. | | 

(k) It is decomposed, also, when long kept in a state of 
mixture with atmospheric air, the oxygen of which combines 
with the hydrogen, and forms water, while the sulphur is pre- 
cipitated. . | 

(1) A succession of electric explosions throws down sulphur 
from it, and the volume of the gas remains unaltered. A similar 
effect is produced by passing it through an ignited porcelain 
tube, but it cannot in this way be entirely decomposed. Its 


* Journ, of Science, &c. ii, 152. 
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elements are also disunited by exciting vivid ignition; by vol- 
taic electricity, in platina wires surrounded by it; sulphur is 
deposited, and an equal volume of hydrogen remains. 

(m) It is decomposed when passed over ignited charcoal, 
and is converted into carbureted hydrogen gas. 

(n) Sulphureted hydrogen, both in the state of a gas and of 
watery impregnation, precipitates all metallic solutions, ex- 
cepting those of iron, nickel, cobalt, manganese, ae RL and 
molybdenum. 

(0) It is copiously = lesarbedl by alkalies, and by all the 
earths, excepting alumina and zirconia. This property affords 
a ready method of ascertaining its purity, for if it be agitated 
with a solution of potash by means of the apparatus represented 
fig. 20 or 21, the unabsorbed residue will show the amount of - 
the impurity, which is commonly hydrogen gas. Its alkaline 
and earthy combinations are termed hydro-sulphurets. It 
unites with an equal volume of ammoniacal gas, or, if trans- 
mitted through the watery solution of that gas, it is rapidly 
absorbed, and the compound, which is very useful as a che- 
mical test, has a yellow colour and a strong smell of sulphu- 
reted hydrogen. 

(~p) When three volumes of cata we hydrogen: gas, and 
two volumes of sulphurous acid gas, both dry, are mixed to- 
gether over mercury, they are entirely condensed into a solid 
body, which adheres firmly to the inside of the vessel. This 
substance is of an orange yellow colour. Its taste is acid and 
hot, and it leaves a permanent impression on the mouth. 
When perfectly dry it does not change litmus paper; but 
reddens it immediately when:moistened. Water, alcohol, 
nitric acid, and sulphuric acid, decompose it, and disengage 
sulphur. It does not precipitate the watery solution of ba- 
rytes. It is decomposed at a moderate heat, and pure sulphur 
remains. Dr. Thomson, who discovered this compound, 
considers it as an acid, and terms it /ydro-sulphurous acid. 
He states it to be constituted of 5 atoms of sulphur + 4 atoms 
of oxygen + 3 atoms of hydrogen. (Ann. of Phil. xii. 441.) 

(q) When potassium or sodium is made to act on sulphu- 
reted hydrogen gas, a brilliant combustion takes place; a 
quantity of hydrogen gas is evolved, precisely equivalent to 
that which the same weight of metal would have separated 
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from water; the metal loses its lustre, and becomes greyish, 
or amber coloured, or reddish; and by the action of diluted 
muriatic acid, the whole of ile sulphureted hydrogen is re- 
covered. This experiment proves, that sulphureted hydro- 
gen, and consequently sulphur, containno oxygen; for, in 
that case, the potassium, having had its affinity for oxygen 
partly satisfied, would not, after being acted on by the gas, 
evolve the original quantity of sulphureted hydrogen from 
water. All that appears to take place, during the combustion, 
is the combination of the metal with sulphur, the liberation 
of hydrogen, and the formation of a sulphuret of potassium or 

sodium, which disengages from water exactly as much hydro- 
gen, as would have been evolved by the metal in its separate 
state, and this hydrogen, while in a nascent state, re-dissolves 
the sulphur. The results of Sir H. Davy, which are some- 
what different from these, are satisfactorily explained by Gay 
Lussac and Thenard.* 

(r) The specific gravity of subphureted hydrogen gas has 
been variously stated. Mr. Kirwan found 100 cubic inches, 
at 60° Fahrenheit, and 30 inches barometer, to weigh 34.286 
grains, which makes its specific gravity 1.124. Sir H. Davy 
states the weight of the same quantity at 36.5 grains, and its 
specific gravity, therefore, at 1.196. Gay Lussac and The- 
nard determined its specific gravity to be 1.1912 by experi- 
ment, or 1.1768 by calculation; and 100 cubic inches, ac- 
cording to the first of those two numbers, should weigh 36.33 
grains. 

The latest attempt to ascertain its specific gravity, is that 
of Dr. Thomson, the result of which was 1.1788, or, more cor- 
rectly, he conceives, 1.180. Hence, 100 cubic inches (bar. 
30, therm. 60°) would weigh 35.89 grains. To determine its 
composition, therefore, we have only to subtract the ‘specific 
gravity of hydrogen from that of the compound gas, and the 
remainder will show the weight of the sulphur. ‘Thus 


Sp. grav. of sulphureted hydrogen gas..... 1.180 
of hydrogen gas ......0+e++0++ 0.069 


1.111 


* Recherches, i. 202. + 81 Ann. de Chim. 26. 
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It is constituted, therefore, of 1 volume of the vapour of 
sulphur = 1 atom (1.111) + 1 vol. of hydrogen gas = 1 
atom (0.069.) But the numbers 0.069 and 1.111 are in the 
proportion very nearly of 1 to 16, which gives exactly the 
same relative weight for the ultimate particle of sulphur, as 
that deduced Frown the composition of sulphuric acid. 


Bi-sulphureted Hydrogen. 


This compound was discovered by Scheele, and atterWat ds 
examined by Berthollet (Ann. de Chim. tom. xxv.) It is ob« 
tained when hydro-sulphuret of potash (formed by boiling 
flowers of sulphur with liquid potash) is poured, by little and 
little, into muriatic acid. A very small portion only of gas 
escapes; and while the greater part of the sulphur separates; 
one portion of it combines with the sulphureted hydrogen ; 
assumes the appearance of anoil; and is deposited at the 
bottom of the vessel. Or, dissolve sulphur in a boiling solus 
tion of pure potash; and into a phial, containing about +d its 
capacity of muriatic acid, of the specific gravity 1.07, pour 
‘about an equal bulk of the liquid compound. Cork the phial, 
and shake it; the hydrogureted sulphur gradually settles to 
the bottom in the form of a brown, viscid, semifluid mass. 
Its properties are the following: 

1. Its taste and smell resemble those of putrid eggs, but are 
less offensive. Its precise specific gravity is unknown, but it 
is heavier than water, and descends through it. It is inflam- 
mable, and burns in the air with a smell of sulphurous acid. 

2. If gently heated, sulphureted hydrogen gas exhales from 
it; the bi-sulphuret loses its fluidity ; and a residue is léft, 
consisting merely of sulphur. 

3. It combines with alkalies and earths; and forms with 
them a class of substances called hydrogureted sulphurets. 

4. It is constituted, according. to Mr. Dalton, of two atoms 
of sulphur = 32, with one atom of hydrogen, and is repre- 
sented by the number 33. It consists per cent. of 


Sulphur, ..,.00as0 96.75 
Hydrogentia s.s)s,00 2, 3.25 


100. 
252 
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_ ‘There are, therefore, three distinct combinations of sulphur 
and its compounds with alkalies and earths. The first con- 
sist, simply, of sulphur, united with an alkaline or earthy 
base, and are properly called sulphwrets. The second are 
composed of sulphureted hydrogen, united with a base, and 
are called Aydro-sulphurets. ‘The third contain bi-sulphureted 
hydrogen, attached to a base, and constitute hydrogureted 
sulphurets. | 

The pure sulphurets can exist, as such, only in a dry state; 
for the moment they begin to dissolve in water, a decomposition 
of that fluid commences; sulphureted hydrogen is formed; _ 
and of this a part is disengaged, while another part, uniting 
with an additional proportion of sulphur, composes bi-sul- 
phureted hydrogen. This last, uniting with the base, forms 
an hydrogureted sulphuret. At the same time, it has been 
stated by Berthollet,* sulphuric acid is composed, by the ac- . 
tion of the sulphur’on the oxygen of the water. This, how- 
ever, Gay Lussac has shown, takes place only when the sul- 
phuret has been formed at an unnecessary degree of heat, and 
that when carefully prepared, at a heat below redness, the so- 
lution of an alkaline sulphuret in water contains sulphurous 
and hypo-sulphurous acids, but no sulphuric acid.+ The 
sulphurets, also, being partly changed, by solution, into hy- 
drogureted sulphurets, the affusion of an acid throws down a 
quantity of sulphur. A distinguishing character, also, of 
solutions of this kind, is, that sulphur is precipitated by passing 
through them sulphureted hydrogen gas. 

According to Proust, if red oxide of mercury be added to 
solutions of the kind which have just been described, the sul- 
phureted hydrogen is removed, and what remains is a pure 
liquid sulphuret, from which acids precipitate sulphur only, 
without any effervescence. 

II. The hydrogureted sulphurets are also formed by boil- 
ing, along with a sufficient quantity of water, the alkaline, or 
earthy base, with flowers of sulphur. ‘Thus a solution of 
pure potash, pure soda, or of baryta or strontia, may be 


* Ann. de Chim. xxv. 239, 269. 
+ 6 Ann. de Chim. et Phys. 322. 
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changed into an hydrogureted sulphuret. To prepare the 
compound with base of lime, the powdered earth, mixed with 
sulphur, may be boiled with a proper quantity of water, and 
the solution filtered or cleared by subsidence. One hundred 
grains of lime, or 134 of hydrate, dissolve about 215 of sul- 
phur, and afford a liquid of 1.146 specific gravity. 

Another method of forming, by a very simple process, the 
hydrogureted sulphurets, consists in digesting, ina gentle 
_ heat, a hydro-sulphuret with powdered sulphur, an additional 
portion of which is thus dissolved, while part of the sulphur- 
eted hydrogen escapes. | 

Hydrogureted sulphurets have the following properties : 

1. They have a deep greenish yellow colour; an acrid and 
intensely bitter taste; and an excessively offensive smell. 

2. They deposit sulphur when kept in close vessels ; become 
much more transparent and lighter coloured ; and less offen- 
sive to the smell. 3 | 

3. They rapidly absorb oxygen from the atmosphere, and 
from oxygen gas. Hence their employment in eudi- 
ometry.* 

4. On the addition of dilute sulphuric, or muriatic, or of 
certain other acids, they are decomposed. Sulphureted hy-. 
drogen gas is evolved, and sulphur is precipitated. 

5. When boiled in contact with filings of silver or of cop- 
per, and of those metals only, Vauquelin found that they 
lose their excess of sulphur, and become simple hydro-sul- 
phurets, | | 

: sirius ye 


SECTION V. 


Hydrogen with Selenium.—Selenureted Hydrogen Gas. 


Berze.ivs, by fusing together potassium and selenium, and 
adding water to the fused mass, obtained a hydro-selenuret of 
potash of a deep ale colour. By pouring diluted muriatic 
* See page 289. 
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acid on the concentrated solution of this compound, a gas is 
disengaged, which has the following properties.* 

It has a smell resembling that of sulphureted hydrogen. - It 
is absorbed to a considerable amount by water, which acquires 
no colour, but after some minutes becomes slightly opalescent, 
and deposits a little selenium. ‘The solution has an hepatic 
taste, reddens litmus paper, and gives a permanent brown 
stain to the skin. Exposed to the air, it is gradually but 
completely decomposed. It precipitates all metallic solutions 
when neutral, even those of zinc and iron, generally of a 
brown or black colour. 

This gas produces violent effects on the organs of respira- 
tion, and a sharp and painful sensation in the nose, which is 
followed by the loss, for a time, of the sense of smelling. A 
small bubble not larger than a pea, when let up into the 
nostrils, beside the immediate effects which have been de- 
scribed, produced a mucous discharge which continued 15 
days. : 

To determine its composition, it was transmitted through a 
solution of acetate of silver, when a selenuret of silver was 
formed, from the known composition of which Berzelius 
deduces the composition of this gas to be 


Selenium....... 97.4 .... l atom .... 41 
Hydrogen eeeee 2.6 eeee 1 do. eoeee ‘i 


100. © 4D 


This determination of the equivalent of selenium does not 
essentially differ from that deducible from the composition of 
selenic acid. 

Selenium agrees then with sulphur and with tellurium, in 
affording a weak acid when united with hydrogen; an acid 
which, in all three cases, forms salts with those oxides only 
whose radicals haye a stronger affinity for oxygen than hy- 
drogen has; while it reduces all other oxides, and forms com- 
pounds of their respective metals with selenium. 


+ Ann. of Phil. xiv. 100. 
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SECTION VI. 
Nitrogen with Carbon. 
Art. 1.—Carburet of Nitrogen, or Cyanogen. 


CyANOGEN was discovered by Gay Lussac in 1815, in the 
course of his researches into the properties of the compound, 
then called prussiate of mercury. Its properties have since 
also been investigated by Vauquelin. 

To obtain cyanogen, it is necessary first to boil fine pow- 
dered red oxide of mercury with twice its weight of prussian 
blue and a sufficient quantity of water. The compound is 
perfectly neutral, and crystallizes in long four-sided prisms 
truncated obliquely. It still, however, contains a little iron, 
which may be separated by digesting the liquor, before eva- 
poration, with a little more of the oxide of mercury, and 
saturating the excess of this oxide with a little prussic acid, 
or even with a little diluted muriatic acid. The prussiate of 
mercury, thus obtained neutral and crystallized, must be care- 
fully and completely dried at a temperature below that of 
boiling water, and then exposed to heat in a small glass re- 
tort, or in a tube closed at one extremity. It first blackens, 
then liquefies, and the cyanogen comes over in the form of a 
gas, which may be collected over mercury. In the retort there 
remains a charry matter of the colour of soot, and as light as 
lamp black.* ' | 

1. Cyanogen is a true gas, or permanently elastic fluid. Its 
smell is strong, penetrating, and disagreeable. It burns with 
a bluish flame mixed with purple. Its specific gravity is to 
that of common air as 1.8064 to 1. Hence 100 cubic inches 
at 60° Fahr. weigh 55 grains. 

2. Water at the temperature of 60° Fahr. absorbs almost 
41 times its volume, and pure alcohol 23 times its volume. 
The watery solution reddens litmus; this, however, is scarcely 
to be considered as an effect of cyanogen, but of the products 


* Gay Lussac, Ann. de Chim. vol. xcv.; or Thomson’s Annals, vill, 37. 


4.4.0 OF COMPOUND ACIDIFIABLE BODIES. CHAP. VIII. 


to which it gives rise by the decomposition of water. itl 
quelin in Ann. of Phil. xiii. 430.) 

3. When 100 measures of cyanogen are detonated, in a 
Volta’s eudiometer, -with 250 measures of oxygen gas, 200 
measures of carbonic acid result, and 100 measures of nitro- 
gen. There remain, also, 50 measures of oxygen gas uncon- 
densed. From these data, it is calculated by Gay Lussac, that 
cyanogen is composed of two volumes of the vapour of char- 
coal and one volume of nitrogen, condensed into. a single 
volume. Its density ought, therefore, to be 0.9722 + 0.832 
= 1.8042, a number not very remote from that obtained by 
experiment, 3 : 

4, Analysis by more complicated methods affords the same 
result, coinciding with that in which cyanogen yields, by a de- 
composition effected by means of oxygen, twice its volume of 
carbonic acid and an equal volume of nitrogen. No water what- 
soever is formed during its combustion, if the. gas be perfectly 
free from prussic acid vapour, a sufficient proof of the absence 
of hydrogen from the composition of cyanogen. 
et Seb sighs sulphur, and iodine, may be sublimed. in it 
without producing any change ; but when heated in contact 
with cyanide of mercury, Ee Sal of those bodies with 
cyanogen are formed. (Davy, Journ, of Science, vol. i.) 

6. The solutions of pure alkalies and alkaline earths absorb 
cyanogen; and the liquid obtained, when poured into a.solu- 
tion of black oxide of iron, affords prussian blue, but not 
without the addition of an acid.. At the same time, carbonic 
acid gas escapes, in volume equivalent to the cyanogen ab- 
sorbed, and there is a perceptible smell of. prussic acid. 
These changes will be more evident from the following reca- 
pitulation: | 


= 2 vol. char-*) decom oses = 1 vol. oxveen 
1 vol. of Pp yg 
cyanogen {= and 1 vl. 1 atom of t and 2 vol. hy- 


nitrogen. water. drogen. 

One volume of charcoal, uniting with one volume of oxygen, 
forms one volume of carbonic acid; the remaining volume of 
charcoal, uniting with half a volume of nitrogen and half a 
volume of hydrogen, composes prussic acid ; and the residuary 
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half volume of nitrogen and 14 volume of hydrogen com- 
pose together one volume of ammonia. 

(f It will afterwards be shown, that when to two volumes 
of charcoal and one volume of nitrogen, together constituting 
cyanogen, one volume of hydrogen is joined, and the whole 
four volumes are condensed into two, we obtain prussic or 
hydro-cyanic acid. Cyanogen agrees then with chlorine and 
lodine, in being acidifiable by union with hydrogen. Hence 
its compounds with metallic bases have been called by Gay 
Lussac cyanures, as those of chlorine are called chlorures ; but 
haying elsewhere expressed a. preference for the name of 
chlorides, I shall, from analogy, give to the compounds of 
cyanogen the name of cyanides. : ) 


Art. 2.—Hydro-cyanic or Prussic Acid. 


From the prussiate, or more correctly cyanide of mercury, 
which has been already described, hydro-cyanic acid may be 
obtained by distillation with muriatic acid, taking care to_ 
employ a proportion of the latter which is not sufficient to 
saturate the metallic base of the salt. ‘The neck of the re- 
tort must be prolonged, for about two feet, by a glass tube of 
at least half an inch bore placed horizontally, and contain- 
ing in the td next the retort, small pieces of white marble, 
in the other 2ds fused chloride of calcium. To the end of 
this tube a small receiver must be luted, and be kept cool by 
a freezing mixture. Hydro-cyanic acid, along with muriatic 
acid and watery vapour, will be disengaged on gently heating 
the retort, the two last of which will be condensed by the 
materials in the tube, while the first, by successively heating 
the different parts of the tube, may be driven onwards to the 
receiver. 

On repeating this process, Vauquelin found the product of 
hydro-cyanic acid so extremely small, that he was induced 
to seek for a better method of obtaining it. He succeeded 
by passing a current of sulphureted hydrogen gas, disengaged 
from sulphuret of iron and sulphuric acid, very slowly, 
through a glass tube slightly heated and filled with cyanide 
of mercury, its extremity ending in a receiver which was 
kept cool by a mixture of snow and salt. The process was 

ca 3 
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_ carried on till the smell of sulphureted hydrogen, which for a 
long time could not be perceived, was discovered in the re- 
ceiver. ‘Fhe hydro-cyanic acid amounted in weight to 1th 
the cyanide of mercury. To avoid any inconvenience from 
the process being carried too far, some carbonate of lead was 
placed at the end of the tube next the receiver, in order to 
absorb the sulphureted eae that might pass pli 
composed. 

The hydro-cyanic acid is subject to spontaneous decom- 
position, and the more so the greater its state of concentra- 
tion. For medical use, into which it has been of late years 
introduced, it may be obtained by dissolving 60 grains of 
cyanide of mercury in each ounce of water, and passing a 
current of sulphureted hydrogen gas through the solution, 
till the liquid contains a slight excess of it, which may be 
separated by a little carbonate of lead ; after which the fluid 
may be filtered. 

The process adopted at Apothecaries’ Hall, London, is the 
following. One pound of cyanide of mercury is put into a 
tubulated retort with six pints of water and one pound of 
muriatic acid, sp. gr. 1.15; a capacious receiver is luted to 
the retort; and six pints are distilled over. The specific 
gravity of the product is 0.995; it must be preserved in bot- 
tles excluded from the light, and being subject to decompo- 
sition should not be long kept. (Brande’s Manual, i. 140.) 
The specific gravity of the acid is considered by Dr. Ure as 
an inadequate test of its strength; and he recommends the 
following as a more simple method of analysis. ‘To 100 
grains, or any other convenient quantity, of the acid, con- 
tained in a small vial, add, in succession, small quantities of 
the peroxide of mercury in fine powder, till it ceases to be 
dissolved on agitation. The weight of the oxide taken up, 
being divided by four, gives a quotient representing the quan- 
tity of real prussic acid present. By weighing out before- 
hand on a watch glass 40 or 50 grains of the peroxide, the 
residual weight of it shows at once the quantity expended.” 
(Quarterly Journal, xiii. 312.) . 

Concentrated hydro-cyanic acid, prepared by the process 
of Gay Lussac or Vauquelin, is a limpid and colourless fluid. 
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It acts as a quick and virulent poison. It has a great ten- 
dency to decompose by keeping. Its taste is at first cool, but 
soon becomes hot and acrid. Though rectified from chalk, it 
still reddens litmus paper slightly. Its. specific gravity at 45° 
Fahr. is .7058. It is highly volatile, and boils at 79° Fahr.; 
at 68° it supports a column of mercury of very nearly 15 
inches; and it increases, five fold, the bulk of any gas with 
which it is mixed. It congeals at the temperature produced 
by snow and salt, and liquefies at 5° Fahr. A drop of it 
placed on paper becomes solid instantly, because the cold, 
produced by the evaporation of one portion, reduces the tem- 
perature of the remainder below its freezing point. Liquid 
hydro-cyanic acid forms prussian blue directly, both with 
iron and its oxide, and without the presence of either acid or 
alkali. The explanation of this fact will be given hereafter. 
It does not prove, as Vauquelin supposes, that prussian blue 
is a hydro-cyanate of iron. 

Hydro-cyanic acid may also be collected in a gaseous form 
over mercury, by heating in a retort the crystallized ferro- 
cyanate of potash with dilute sulphuric acid. This gas is 
absorbable by water and alcohol. It is speedily fatal when 
received into the lungs of small animals. At a temperature be- 
tween 86° and 95° Fahr., the acid gas forms with oxygen gas a 
mixture which detonates on passing an electric spark. A quantity 
equal to 100 measures condense 125 measures of oxygen, and 
there result 100 measures of carbonic acid and 50 measures of 
nitrogen. But as the carbonic acid contains only its own vo- 
lume of oxygen, there remain 25 measures of the latter gas 
which must have been converted into water by 50 measures 
of hydrogen existing in the prussic acid vapour. From these 
and other facts, Gay Lussac infers that it is composed of one 
volume of the vapour of charcoal, half a volume of hydrogen, 
and half a volume of nitrogen, condensed into one volume. 

When potassium is heated in hydro-cyanic vapour, it 
evolves hydrogen gas equal to half the volume of the vapour. 
The other elements of the gas unite with the potassium. Thus 
the hydro-cyanic acid is resolved into hydrogen and cyanogen, 
which last, uniting with the potassium, forms a cyanide of 
that metal. As hydro-cyanic acid is constituted of equal vo- 
lumes of those two gases, united without condensation, the 
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specific gravity of the acid gas ought to be the mean of those 
of its component, viz. 0.9360 very nearly. ‘This differs very 
little from the result of experiments, viz. 0.9476. Its con- 
stituents, therefore, are by weight, 


Cyanogen... 288... 02S 100 
Hydrogen s..sseeecesseeesees 3.846 


or two atoms of charcoal.= 12, + 1 of nitrogen = 14, + 1 
of hydrogen ; and its equivalent number is 27. 

The salts formed by the union of this acid with ealihabte 
bases are called hydro-cyanates, but they are not permanent, 
and have no useful properties. ‘They are decomposed by the 
weakest acids, such as the carbonic. 

Hydro-cyanate of ammonia crystallizes in cubes or in very 
small prisms. Its volatility is such that at a temperature of 
72° Fahr. its vapour supports a column of upwards of 15 
inches of mercury; and at 97° Fahr. it is equal to the pres- 
sure of the atmosphere. Dr. Thomson finds that when prus- 
sian blue is exposed to a red heat in a copper tube, and the 
products received over mercury, the glass receiver is coated 
with transparent crystals of this salt. The solution of this 
salt precipitates several metallic solutions not affected by 
hydro-cyanic acid, which, according to Scheele, acts only on 
nitrates of silver and mercury, and on carbonate of iron. 
‘(Ann. of Phil. xv. 394.) i 


Art. 3.—Chloro-cyanic Acid. 


Chloro-cyanic acid was discovered by Berthollet, who found 
that hydro-cyanic acid, by absorbing chlorine, acquires new 
properties, and no longer forms a blue precipitate with the 
solutions of iron. Supposing it to result from the union-of 
oxygen with the prussic acid, he gave to the new compound 
the name of oxy-prussic acid. ‘The nature of this combina- 
tion has since been investigated by Gay Lussac. To prepare 
it, a current of chlorine gas may be passed through a solu- 
tion of hydro-cyanic acid in water, till the liquid discolours 
the solution of indigo in sulphuric acid. By agitating this 
liquid with mercury, and by distilling at a gentle heat, an 
elastic fluid is formed. ‘This, however, is not pure chloro- 
cyanic acid, for at temperatures from 60° to 70° Fahr., and_ 
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under common pressures, that acid can only exist as a liquid. 
- It is a mixture of carbonic acid and chloro-cyanic acids, in 
proportions not yet determined. 

The mixture of carbonic and chloro-cyanic acids is colour- 
less; it has a very penetrating smell, and excites a flow of 
tears; its density, determined by calculation, is 2.123, air being 1. 
It reddens litmus, is not inflammable, and does not detonate by 
passing an electric spark through a mixture of the gas, with 
twice its volume of hydrogen or of oxygen; but with a mix- 
ture of the two, it burns vividly, with the production of a 
blueish white flame and of an extremely dense white vapour, 
which has the smell of nitrous gas and the taste of a mercurial 
salt. | 

When potassium is heated in the mixed gases, the chloro- 
cyanic acid is entirely decomposed ; the chlorine and cyano-. 
gen are absorbed; and the carbonic acid mingled with it un- 
dergoes a decomposition more or less complete. 

The watery solution of the mixed acids does not precipitate 
either barytic water or nitrate of silver; but from the latter 
it produces, after being mixed with potash and then with 
nitric acid, a precipitate of chloride of silver. 

Alcaline solutions absorb it rapidly, but do not destroy its 
odour, except when they are in excess. These compounds, on 
the addition of acids, are decomposed ; a brisk effervescence 
arises in consequence of the escape of carbonic acid, water 
and chloro-cyanic acids are reciprocally decomposed, and 
muriatic acid and ammonia are generated. 

A characteristic property of this acid is, that with the intér! 
vention of potash, it forms green precipitates from solutions. 
in which the iron is oxidized to a minimum. The experiment 
only succeeds when we first add the chloro-cyanic acid to the 
metallic solution, then a little alkali, and finally a small. por-. 
tion of acid. : 

According to the analysis of Gay Lussac, this acid is 
constituted of | 


1 vol. of gaseous carbon 
4a volume of nitrogen.. ‘ 


+ chlorine .. 


condensed into 
1 volume. 
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In other words 1 vol. of chlorine and 1 vol. of cyanogen 
produce by combining 2 vols. of chloro-cyanic acid. Hence its 
density should be the mean of those of its components. 


Art. 4.—Of Sulpho-cyanic Acid. 

This acid was discovered by Mr. Porrett, to whom we are 
indebted for a number of curious and interesting experiments 
on all the acids having cyanogen for their base. He gave it 
the name of sulphureted chyaxic acid, the term chyazic being 
compounded of the first letter of carbon, the first syllables 
of hydrogen and azote, with the usual termination signifying 
an acid. He considered it as a compound of sulphur with 
hydrocyanic acid, but since the researches of Gay Lussac, it 
may rather be regarded as a compound of sulphur with cya- 
nogen. 

The original process of Mr. Porrett is somewhat compli- 
cated and tedious. The following method was contrived by 
Grotthus, and improved by Vogel. -Mix equal weights of 
pulverised ferro-cyanate (commonly called prussiate) of potash 
and flowers of sulphur, and expose the mixture in a flask to a 
heat sufficient to melt the sulphur, keeping it melted for 
several hours. When cold, reduce the mass to powder, and 
digest it in water enough to take up every thing soluble. 
Filter the liquor, and drop into it a sufficient quantity of 
potash to precipitate any iron that may be held in solution. 
The liquid, thus prepared, is a solution of sulpho-cyanate of 
potash in water, and the acid ingredient may be obtained, 
mixed with water, by distilling it with sulphuric acid. 

Sulpho-cyanic acid, thus obtained, is a transparent liquid, 
colourless, or with a slight pinkish hue, with an odour as 
strong as, and somewhat resembling, that of acetic acid. The 
strongest obtained by Mr. Porrett had the specific gravity 
1.022. It dissolves a little more sulphur at a boiling tempe- 
rature; but most of this is separated again on cooling. In 
this state it throws down oxide of silver from the nitrate of a 
dark colour ; but otherwise the precipitate is white. 

Sulpho-cyanic acid boils at 2164°; and at 544° crystallizes 
in six-sided prisms. When thrown into a red hot platinum 
crucible, sulphur is disengaged, and a blue flame is produced. 
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It is partially decomposed by being transmitted through a 
red-hot porcelain tube; and if brought into contact with ig- 
nited iron turnings, sulphuret of iron is formed, and hydro- 
cyanic acid and sulphureted hydrogen disengaged. 

By a sufficient quantity of chlorine, the whole of the sul- 
phur is converted into sulphuric acid, and hydro-cyanic acid 
is disengaged. Iodine produces a similar effect. 

With protoxide of copper, it affords a white insoluble 
sulpho-cyanate. From the analysis of this salt, Mr. Porreit 
drew his inference respecting the composition of the acid, 
which he conceived to consist of one third by weight of the 
elements of hydro-cyanic acid, and two thirds of sulphur. 
According to Dr. Thomson (System, 6th edit. ii. 306.) it is 
constituted of 


2 atoms of sulphur .........+.0<h+. 32 
Pp avons Ol ChATCOAl «au a a6 040.6 o> <10,.L8 
PALOMA Of MITOGEN os oc: wee eiete oo gre 9 «AE 
1 atom of hydrogen...... 


Hence its equivalent number is .......... 57 


It is capable of uniting with salifiable bases, and composes 
a genus of salts called sulpho-cyanates. Many of these have 
been investigated by Mr. Porrett. 


ABT. 5. inedible sisaah Acid. 


The ferro-cyanic acid may be prepared by the following 
process: dissolve in cold water any quautity of the salt called 
triple prussiate (ferro-cyanate) of baryta, and for every ten 
grains so dissolved add a quantity of sulphuric acid equivalent 
to 2.53 grains of real acid; stir the mixture; and set it aside 
for some time. The baryta and sulphuric acid are precipi- 
tated in combination; and the ferro-cyanic acid may be de- 
canted for use. Its characters are the following: 

It has a pale lemon yellow colour; has no “gels and is 
not poisonous in small quantities. It is decomposed by a 
gentle heat, or by exposure to a strong light, in which case 
hydro-cyanic acid is formed, and also wdlttte triple prussiate of 
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iron, which, by absorbing oxygen, becomes: prussian blue. 
With alkalies, earths, and metallic oxides, it forms directly 
the salts called triple prussiates. It displaces acetic acid from 
all its combinations, and also detaches, from other acids, those 
bases, with which it is susceptible of forming compounds that 
are insoluble in acids.. Being decomposable by heat, it can 
never be obtained. by distillation. In that case, hydro-cyanic 
acid and hydro-cyanate of iron are formed. Mr. Porrett has 
also pointed out a method of obtaining ferro-cyanic acid in a 
crystallized form. Dissolve 58 grains of crystallized tartaric 
acid in alcohol, and 50 grains of ferro-cyanate of potash in as 
little warm water as possible. Mix the two liquids. Bi-tar- 
trate of potash is precipitated, and the ferro-cyanic acid re- 
mains in solution. By spontaneous evaporation, it crystal-— 
_lizes in small yellow cubes, which, on exposure to the light, 
lose their regular shape, are decomposed, and become coated 
with prussian blue. It appears, therefore, that the balance of 
affinities preserving this acid is very soon disturbed, and its 
elements easily thrown into new arrangements. | 
We are indebted to Mr. Porrett for the view, which is most 
commonly taken, of the nature of the acid entering into the 
composition of the salts formerly called prussiates, or triple 
prussiates. It had generally been supposed that the protoxide 
of iron, which is always present in these salts, acted the part of 
a base, with which (as well as with the alkali or earth in the 
triple compounds) the prussic acid was supposed ‘to be united. 
Mr. Porrett, however, has rendered it more probable that the 
oxide is really an element of the acid, and not a base; for he 
finds that when triple prussiate of soda in solution is ex- 
_ posed to galvanic electricity, the oxide of iron is carried, 
along with the. elements of the prussic acid, to the positive 
pole, whereas, if it had existed as a base, it would have been 
determined. to the negative pole. He proposed for it the 
name of ferrureted chyaxic acid ; but I prefer that of ferro- 
cyanic, which, not necessarily excluding hydrogen from its 
composition, is still consistent with the new view arising out 
_of Mr. Porrett’s researches. This view explains why the 
iron in triple prussiates (ferro-cyanates) is not discoyer- 
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able by the most delicate tests, for it can no more be affected 
by them, than sulphur can be indicated by its appropriate tests 
when existing in sulphuric acid. 
_ The precise constitution of ferro-cyanic acid, however, does 
not appear to have been as yet satisfactorily made out; nor even 
is it absolutely certain that it contains hydrogen as an essen- 
tial element. It is possible that it may be a compound, not 
of hydro-cyanic acid, but of cyanogen, with protoxide of iron: 
Or the compounds called triple prussiates may be hydro- 
cyanates with a double base. The greater permanency of 
these salts than of mere hydro-cyanates, may, as observed by 
Gay Lussac and Berzelius, (who admit the facts of Mr. 
Porrett; but dissent from his conclusions) be analogous to what 
happens in some other cases. Thusalumina, when associated. 
with potash, enters into more energetic union with sulphuric 
acid, than singly by itself. | 

According to the latest analysis by Mr, Porrett, ferro-cyani¢ 
acid consists of 1 atom of hydro-cyanic acid + 2 atoms of 
charcoal + 1 atom of metallic iron. M. Robiquet, on the 
other hand, regards it as compounded of the elements 
of hydro-cyanic acid and of cyanide of iron, in the same 
manner as we may conceive alcohol to be formed of water and 
bi-carbureted hydrogen. (Ann, de Ch. et Phys. xvii. 197.) 
Berzelius has been led to adopt the opinion, that ferro-cyanic 
acid is merely a hydro-cyanate of protoxide of iron with ex- 
cess of acid. In the present state of the enquiry, it seems im- 
possible to determine which of these is the correct view ; and. 
a further appeal to experiment must be made, before we can 
decide respecting the true nature of the ferro-cyanic acid. Its 
present name may, therefore, be considered as only provision- 
ally adopted, till its constitution is more accurately known. 


Nitrogen and Phosphorus. 


The only instance ef the combination of nitrogen with 
phosphorus, is that presented by the solution of a minute 
portion of phosphorus in the nitrogen gas, remaining after the 
combustion of that inflammable substance in atmospheric air. 
By this solution, the nitrogen gas gains an increase of yolume 
of about <5 th, but is not distinguished by any interesting 

2G 
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properties, and may perhaps indeed be considered rather as a 
mixture of the vapour of phosphorus with nitrogen gas, than 
as a true chemical compound. 

No combination is known of nitrogen with sulphur or sele- 


nium. ie ! 


—_ 
SECTION VIL. 
Compounds of Phosphorus. 
Art. 1.—Phosphuret of Sulphur. 


PuospHorus is capable of uniting with sulphur in various 
proportions; but it is probable that the most energetic com- 
pound will be obtained by taking the two substances in quan- 
tities, indicated by the weights of their atoms, viz. 16 parts of 
sulphur to 12 of phosphorus. The process requires some cau- 
tion, to prevent accidents by the explosion of the melted sub- 
stances; and it is advisable not to operate on more than from 60 
to 80 grains of the materials taken together. The combination 
may be effected either under water or not. In the first case, 
the phosphorus and sulphur may be put together into a tube 
containing water, the temperature of which should not exceed 
from 140° to 160° Fahr., and the tube may be agitated till the 
combination has taken place. In the second case, into a 
tube 4 or 5 inches long, and from 4-10ths to 8-10ths of an 
inch wide, the phosphorus may be put first, and, when fused 
by the heat of a lamp, the sulphur may be added at inter- 
vals in small fragments. In both cases, sulphureted hydrogen 
is evolved at the moment of combination. 

The phosphuret of sulphur is much more fusible than 
phosphorus itself, its melting point being about 41° Fahr. 
Hence it is fluid at the average temperature of the atmosphere. 
It has a reddish brown colour when fresh prepared, but this 
may be removed by shaking it with a solution of ammonia, 
and leaving it some hours under that liquid. At common 
temperatures, it does not act at all on water, nor does it de- 
compose water rapidly even at 212° Fahr. A compound, pre- 
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pared by Mr. Faraday from 5 of sulphur and 7 of phosphorus, 
did not become solid at 20° Fahr. and was perfectly fluid at 
32°. On remaining some weeks under water, it deposited 
crystals of pure sulphur, and a compound remained that was 
not so fusible as the original one.* _ 


Art. 2.—Phosphuret of Selenium. 


Selenium is speedily dissolved by melted phosphorus, and, 
if added to saturation, a very fusible compound results, which, 
when cold, has a dark brown colour, much lustre, and a 
vitreous fracture. When this compound is digested in water, 
selenureted hydrogen is formed, which, dissolving in the 
water, communicates to it a peculiar hepatic odour. The pro- 
portions of its constituents are unknown. 


—— 
- SECTION VIIL 


Compounds of Sulphur. 


THE compounds of sulphur with hydrogen having been 
already described, the only ones that remain are those which 
sulphur forms with carbon and with selenium. 


Art. 1.—Sulphuret of Carbon, or Alcohol of Sulphur. 


There has been much controversy respecting the nature of 
this compound; and several contradictory statements have 
been given of its composition. It was discovered by Lampa- 
dius in 1796, and was considered by him as consisting of sul- 
phur and hydrogen. Clément and Desormes were led, by 
their researches, to deny the presence of the latter element ; 
and to conclude that it is a compound of sulphur and char- 
coal only. ‘This inference was afterwards controverted by 
Vauquelin and by Berthollet, jun.; and the experiments of 
Cluzel also were supposed by their author to be favourable to 


* Quarterly Journal, iv. 361. See also Pelletier, Ann. de Chim. ly. 10; 
and Accum and Briggs, Nicholson’s Journal, vi. and vil. 
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the opinion, that it contains hydrogen.* In a report, how- 
ever, on the Memoir of Cluzel, MM. Berthollet, sen. Thenard, 
and Vauquelin, described a set. of experiments made by the last 
mentioned chemist, which led them to believe that the alcohol 
of sulphur is a true binary compound of sulphur and charcoal 
only ;+ and this inference has been proved to be correct, by 
the subsequent investigation of Berzelius and Marcet.{ 

To prepare this substance, a coated earthen tube, of about 
one inch and a half in diameter, partly filled with small pieces 
of charcoal, well prepared and quite free from moisture, may 
be disposed in a furnace, as represented fig. 40, cc, one end 
being placed higher than the other. To this end may be 
adapted a glass tube, open at both ends, containing small bits 
of sulphur ; and to the other end, by means of an adopter, 
is to be fixed a curved tube, passed into water contained in a 
two-necked bottle. The part of the tube, containing the 
charcoal, may then be made red-hot; and, when. this hap- 
pens, the bits of sulphur are ‘to ‘be pushed forwards, one 
by one, by means of a wire, carefully excluding air. As 
soon as the sulphur comes into contact with the charcoal, 
bubbles of gas will be produced in great abundance, and a 
yapour will appear, which will condense, under the water in 
the bottle, into a liquid, of which, in the course of a day, 
about half a pint may be procured. ‘This liquid may be puri- 
fied by redistilling it at a very gentle heat, not exceeding 100° 
or 110° Fahrenheit; and some dry chloride of calcium may be 
put into the retort, ‘in order to obtain the fluid perfectly free 
from water. ‘The liquid which comes over is quite pure, and 
some sulphur remains in the retort. It may also be obtained 
by distilling a mixture of ten parts of finely pulverized and 
perfect charcoal with 50 of native bi-sulphuret of iron, from 
an earthen retort, into a receiver surrounded by ice or snow. 
‘One part of sulphuret of carbon will be obtained from these 
materials. 

The alcohol of sulphur has the following properties: 

1. It is eminently transparent, and perfectly colourless. 


* Ann, de Chim, Ixxxiy, 73. t Ann. de Chim. Ixxxiii, 252, 
{ Phil. Trans. 1818. 
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Sometimes, immediately after distillationy the oily liquid ap+ 
pears a little opaque and milky; but the next day it is found 
to have become completely limipid. It hasan acrid, pungent, 
and soméwhat aromatic taste; its smell isnauseous and fetid, 
though differing from: that of sulpliuretéd hydrogen. 

2. Its’ specific gravity is 1.272; its refractive power, as 

ascertained by Di. Wollaston, is 1.645.— Its éxpansive force 
(at 30 inches barometer, and 534° Fahrenheit) is equal to the 
pressure of 7.36 inches of mercury; so that air, to which it is 
adinitted, will dilate abotit oné-fourth of its volume. It boils 
briskly under the conmmon atmospheric préssure, at a tempé= 
raturé of 105° ox 110° Fahrenheit. It does not congeal, evéri 
at a temperature so low as 60° below 0 of Fahrenheit. 

3. It is highly inflammable, and takes fire at a teniperature 
scarcely exceeding that at which mercury boils: Its flame is 
bluish, and it emits copious fames of sulphurous acid. If a 
long glass tube, open at both ends, be held over the flame, 
care being faken to keep the tube quite cool, no moisture what- 
ever is deposited on its inner surface, a sufficient proof of the 
absence of hydrogen. 

4, It is decomposed by ¢ontact with chlorine, and chloride 
of sulphur is obtained. 

5. The oily liquid readily dissolves’ in alcohol and ether, 
though not in all proportions; and these solutions are decom+ 
posed by the addition of water. It readily incorporates with 
fixed and volatile oils; and rapidly dissolves camphor. It is 
not soluble in water, but when shaken with it so ates again 
on standing. 

G6» In its migusd state,-it suffers no change on being: heated 
with’ potassium ; but potassium, when heated in its: vapour, be- 
comes ignited; and emits a’ reddish flame. ‘The residue, when 
waslied with water, affords sulphuret of potash and charcoal. 

7. It does not tarni#h mercury or its: amalgams, nor silver, 
unlessit contain more: sulphur than is: essential to its consti- 
tution. 

8. The alkalies: dissolve it entirely,: but very slowly. Of 
the’acids, none éxert any sensible action on it. 

9. When transmitted: over ignited copper or iron turnings, 
alcohol of'sulphur is décémposed, thé metal combining, both 
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with charcoal and sulphur; and a rose-coloured fluid is ob- 
tained, differing in its sensible qualities from the original 
liquid, and apparently consisting of the same elements in dif- 
ferent proportions. It is decomposed also when brought into 
contact with ignited per-oxide of iron; sulphuret of iron is 
formed; and sulphurous and carbonic acids are produced, and 
may be separated from each other by borax, which absorbs 
the former only. In this way it may be analyzed, and its pro- 
portions calculated. 

The proportions of the elements of sulphuret of carbon are 
deduced by Berthollet, Thenard, and Vauquelin, to be from 
14 to 15 parts of charcoal, and from 85 to 86 of sulphur, in 
100. ‘This statement of its composition nearly agrees with 
that determined by Drs. Berzelius and Marcet; viz. 


Sulphur. ....... 64.88 ... or... 100. 
Carbonsiges 6. SUT EPI AT 88 


100. 117.89 


The above-mentioned numbers establish the proportion of 
the elements of this compound to be two atoms of sulphur 
= 32 to one of carbon = 6, and its equivalent number to 
be 38. 
~ The sulphuret of carbon was found by Berzelius to be ca- 
pable of uniting with alkaline and earthy bases, and of form- 
ing compounds which may be called Carbo-Sulphurets. But 
their properties, and the proportion of their elements, require 
further investigation. ! 

In a subsequent memoir in the same volume of the Philoso- 
phical Transactions, Dr. Marcet describes the extraordinary 
power of alcohol of sulphur, in producing cold. ‘The bulb of 
a thermometer being covered with fine lint, and moistened 
with a few drops of the liquor, the mercury sinks rapidly from 
60° to 0; and under the exhausted receiver of an air-pump 
(the valves of which must, for this purpose, be made of metal, 
and not of silk) it falls from + 70°, to 70° or even 80° below 
0, so that by this process mercury may readily be frozen. It 
has been found, also, by Mr. Murray, that when a few drops 
of this liquid are poured on the surface of a glass of water, 
the temperature of which is 32° Fahr., plumose branches 
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of ice dart from the sulphuret to the bottom of the vessel, 
and the whole water is suddenly frozen. At the same time, 
the sulphuret becomes volatilized; and the spicule of ice 
beautifully exhibit the colours of the solar spectrum. (Ann. 
of Philos. iii. N. S.) 

By the action of a mixture of fuming muriatic acid on sul- 
phuret of carbon, Berzelius obtained a solid white crystalline 
_ body, resembling camphor, and possessing some remarkable 
properties. Its analysis afforded 


Muariatic atidice nin. wowols. - . 48,74 
SUE OUD BEM ee vast ane ores ey «, ZOOS 
Carbonic acid (and loss).......... 21.63 


100. 


It appears, therefore, to consist of two atoms of muriatic 
acid, one of sulphurous acid, and one of carbonic acid. 


Sulphuret of Selenium. 


One part of selenium, melted with 100 parts of sulphur, 
imparts to the sulphur a dirty yellow colour; but the only 
method of obtaining a sulphuret of selenium of determinate 
composition is to precipitate a solution of selenic acid by sul- 
phureted hydrogen gas, and to wash the precipitate with a 
little muriatic acid. A deep orange coloured compound is 
formed, in which 100 parts by weight of selenium are united 
with 60.75 sulphur. It is attacked with difficulty by nitric 
acid, but more readily by nitro-muriatic. It is soluble in 
the fixed caustic alkalis, as well as in alkaline hydrosulphurets, 
and gives a solution of a deep orange colour. When heated 
in the air, it burns at first with the odour of sulphurous acid, 
then with that of horse-radish.* 


* Berzelius, Ann. of Phil. xiv. 102. 


CHAPTER IX. 
OF METALS. 


Of the General Properties of Metals. 


Tue metals constitute a class of bodies, which are not more 
interesting from their application to the common arts of life, 
than from the facts which they contribute to the general prin- 
ciples of chemical science. Only seven or eight were known 
to the ancients; but the class has been increased to more than 
five times that number, within the last century. The follow- 
ing appear to have a sufficient claim to be considered as dis- 
tinct metals. 


TABLE OF METALS. 


Names of Metals. Discovered by ; Date. 
£. SSO: oes 

S, SUver )) ex ot | 

By, FTOW. 6 oxen ee 

4. Copper .... ‘Known since the remotest antiquity. 

5. Mercury ... | 

6. Lead treeee!| 

7. Files acere.) 

8. Zinc -.++++ Knownto Paracelsus, who died.... 1541 
9. Bismuth.... Described by Agricola ........++ 1520 
10. Antimony .. Described by Basil Valentine, 15th centy, 


17. 


. Arsenic .. 


. Cobalt CTV Brandt. .oceece see eeeeteeee ee 1738 


Platinum .. Wood, Assay Master, Jamaica.... 1741 
Nickel: .. oo" @Gnetedes 00%: OR Ca eet o2 
Manganese’ Gahn and Scheele ..........++-- 1774 


‘Tungsten ... M.M. Dellinyarthrien ce cates sss 1781 


‘Tellurium "> Bioiler: epee eetee es cess occ fae 


18. Molybdenum Ditto and Hielm ...........+.. 1782 
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Names of Metals. Discovered by Date. 
19. Titanium ee Gregor eseeeoeeoee#3k#sese#ee ee e e esees2e#?e 1781 
ZOU Uiemeaae:  RapYotl- Frees ne ook eo 8s J ceed Tae 


21.) Cheon Vaugielin ©... . esas te ves sale F797 
22, Columbigm™ - Hatchett: 02. /eslaewes ose co. 1902 


23. Palladium .. : } 
4 Phodinim .. | pr. Wollaston §. Svitesass ev. dee 1803 


25. Iridium .... Descostils and Tennant ........ .. 1803 
26: Cetin. PENMAN oo cs. cont pyle n+ + 3s ceess 1869 
27. Cerium «... Hisinger and Berzelius .......... 1804 


28. Potassium ..7) 
29. Sodium .... | 
BOS are ety OE Ble AVY: ie a din as ons cas cee» GUNG 
31. Strontium .. ot 
32. Calcium. sal 
$95 La ititingees  - ATIWEGSOI, «..%, was hs os swe eves 1818 
$4, Cagumiay :. StYOMEYED 2 os ccaic esse sco ote s op ABN 


The foregoing table comprehends only 34 out of 41 of the 
bodies at present acknowledged as metals. The remaining. 
seven, all of very recent date, viz. magnesium, glucinum, 
yttrium, aluminum, thorinum, zirconium, and silicium, have 
not yet been exhibited in a separate form, and are arranged 
among the metals from analogy; chiefly because the ee in 
wich: they exist, present a striking resemblance, as to their 
properties, to the oxides of ascertained metals. 

Of a class comprehending so many individuals, it is not 
easy to offer a general description; but it will be found that 
the metals are all characterised by one or more of the follow- 
ing properties. 

1. With the exeeption of the newly discovered bases of the 
alkalis and earths, they are distinguished by a high degree 
of specific gravity, the lightest of the other metals (tellurium) 
being considerably heavier than the most ponderous of the 
earths. 

The following table exhibits the pars gravity of several 
metals in the order of their densities. 
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Table of the Specific Gravities of Metals ; water at 60° Fahr. 
being 1. 

Authority. 
Platinitit (Fol. 20098! Secieatroe ee semiemine ariseou. 
Golde Feel ROR STi acl oaree eet ate ene 
Tangsten,. .. 62. 1 1:6) tite ei a ee er 
Mercury . 0.5.4 9'ie US DOB ini sere aie ae ee 
Palladium’ 33.55. [dea > tegthe : a gee ev oer 
Tea wos pee a eee » pianoee se DTISSOnee 
Silverio eee Oa ac teas oe Bhi wes tee RE ae 
Bismuth |, sede en OBOE hie ce, Gis wiaenepe pa ete 
Cobalt: <a Signa. (Osa BS) inh etnies etter 
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Copper s.)s Sis 2s SRB O ber tans Gaya Rie Mee etes 
Cadmitim 0.2 2 9S.GOR aia s Vand a ee Nevers 
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Tellurium). ..g5. 6-140. pectin a eae ene 
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The metals, are, perhaps, the only solid bodies, whose spe- 
cific gravity is affected by mechanical means, or, in other 
words, whose particles can be brought permanently into a 
state of nearer approximation by compression. In conse- 
quence of this property, several of the metals undergo mate- 
rial changes in their specific gravity, by the token ope- 
rations af rolling, hammering, &c. It may be questioned, 
whether the metals are heavier than other bodies, in conse- 
quence of the greater specific gravity of their individual atoms, 
or from a greater number of atoms being aggregated into a 
given Valens The former, however, is most probably the 


CHAP. IX. GENERAL PROPERTIES OF METALS. 4:59 


case, though it must be acknowledged that their specific gra- 
vity is by no means exactly proportional to the weight of their 
atoms. 

2. They are opaque, at least in the state-in which they ge- 
nerally occur to our observation. Gold, however, beat into 
leaves =.35a5th of an inch in thickness, transmits a faint 
greenish light, when held between the eye and the direct rays 
of the sun. 

3. They possess various degrees of lustre, and it is of so 
peculiar a kind, that it has been termed by mineralogists the 
metallic lustre, and referred to asa known standard in the 
description of other minerals. Some of the metals possess 
this property in so remarkable a degree, as to be applicable to 
highly ornamental purposes. Polished steel takes place of all 
the metals in the perfection of its lustre; but some of the class 
(as cobalt and nickel) appear to be susceptible of it in only a 
small degree. 

4. The metals are excellent reflectors, not only of light but of 
caloric; and hence they are the best materials for the com- 
position of burning mirrors. From the experiments of Mr.. 
Leslie, they appear to possess this property in the following 
order, the highest number denoting the greatest Ss tasting 
power. 


ESFASS e PIRIO FS oF, a ed, AOE“ TOO 


PSIRVERO OY, MOG. UIE ts AT Be I N90 
Dinfoth ~ 24... «PERG A. DUR 08E 
Planishbed block tin ........... 23 80 
SOE! Yi). POLLY Seeeth, Aes Wort TO 7G 
Héad 2aniq ore3n S29) WN IG . 60 


Tinfoil softened by UT ee oe BO 


In general the reflecting power was found, by Mr. Leslie, 
to be proportionate to the degree of polish, and to be impaired 
by every thing that diminished this quality. A tin reflector, 
for example, had its reflecting power ‘diminished nine-tenths 
by being rubbed with sand paper. 

5. Metallic bodies are, of all others, the best conductors of 
electricity. "When their surface is extensive enough to convey 
away the electricity which seeks a passage, no change is pro- . 
duced in them; but when insufficient, the electric fluid pene- 
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trates into them, heats them, and sometimes fuses and even 
volatilizes them. In this state of vapour, they burn more or 
less vividly, and with differently coloured flames; zinc with a 
white flame mixed with blue and red; titi, bluish white; 
lead, blaish or purple; and silver, green. 

Their properties as electro-motors have already been de- 
scribed in the chapter on the chemical agencies of eleetricity 
and galvanism. 

6. ‘The metals are also excaltentt conductors of caloric. The 
degrees, in which different metals possess this property, will 
be found enumerated in the chapter of caloric. — 

7. The metals are all fusible, provided a due degree of heat 
be applied, which, for sortie, is very moderate, anid for others 
extremely intense. Mercury is the only metal that exists con- 
stantly in a fluid state at the temperature of owt climate. Po- 
tassium; sodium, tin, bismuth, lead, telluriuni, arsenic, zine, 
antimony, and cadmium, all melt at a temperature below that 
of visible redness, and in the order set down, the most fusible 
being placed first. Silver, copper, gold, cobalt, iron, manga- 
nese, nickel, atid palladium, all require a'red leat. Molyb- 
denum, uranium, tungsten, and chromium, are almost infusible, 
and cannot be obtaitied by the heat of a forge in compact 
buttons, but fuse under the oxygen and hydrogen blow-pipe. 
Titanium, cerium, osmium, iridium, rhodium, platinum, and 
columbium; are infusible by the forge, but yield to the sashes 
of the oxygen and hydrogen blow-pipe.. 

8. One of the most useful properties of the metals is ee 
malleability, or capacity of being extended by the blows of a 
hammer. In this quality, gold takes place of all the rest. 
The gold leaf, which is sold in books, is so extremely thin, 
that ee than five grains cover a surface of about 2721. square 
inches; and the HEIR of each leaf does not exceed 
zetozsth part of an inch. All the metals, however, are not 
malleable. Gold, platinum, silver, palladium, metcury (in 
its frozen state), copper, iron, lead, tin, zinc, and nickel,* are 
the only ones to which this property belongs. The rest, on 
account of their brittleness, were fornierly called semi-metals. 
But ‘since, even in “these, a diminishing Pee of mal- 


* Nickel on the authority of Richter. 
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leability may be observed, the distinction, though retained in 
common language, is very properly rejected from chemical 
and mineralogical systems. 

9. All the metals, that have been described as malleable, 
(with the exception, perhaps, of nickel) are also ductile, or 
may be formed into wire. Iron, though so hard a metal, may 
be drawn into wire not thicker than a human hair. A grain 
of gold, it has been asserted by Boerrhaave, has been ex- 
tended into wire of the length of 500 feet; but even this has 
been surpassed by Dr, Wollaston; for, by surrounding the 
gold with silver, he has been able to extend it, so that 700 feet 
weighed only | grain, which gives a thickness of only +5555 
of an inch. The coating of silver was afterwards removed 
by nitric acid, which has no action on gold. Silver too is ex- 
tremely ductile; so also are platinum, iron, copper, zine, tin, 
lead, nickel, palladium, and cadmium, in the order set down ; 
and this property belongs to even some of the compound me- 
tals, especially to brass, which may be drawn into wire of 
great fineness. It may be observed, however, that the most 
ductile metals are not always the most malleable; iron, for 
instance, though extremely ductile, cannot be beaten into 
very thin lamine. 

10. Wires of the same diameter, but of different metals, 
are found to be capable of sustaining very different weights. 
This arises from their variable tenactty, which is estimated 
by gradually adding weights till the wire is broken. From 
the experiments of Guyton Morveau, the following are the 
utmost weights, which wires of 0.787 of an English line in 


diameter can support without breaking. 


Ibs. dec]. 
avoird. parts. 


A wire of iron supports 549.250 


- copper 302.278 
————— platinum ——— 274.320 
: silver —-— 187.137 
——— gold ——. 150.753 
—— zinc § —— 109.540 
ssh atanias-s the eas eeceso 
SS lead a 27.621* 


"71 Ann, de Chim. 182, _ 
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The tenacity of tin is greatly inferior to that of gold; and 
lead has still less tenacity than tin, and even than some sorts 
of wood. 

11. Some of the malleable aud ductile metals have, also, a 
high degree of elasticity. ‘This property fits them for being 
applied to the mechanical purpose of springs. Steel and iron 
are, in this respect, superior to all other metals. Upon the 
properties of elasticity and hardness, appears also to depend 
that of fitness for exciting sound, for whatever renders metals 
harder and more elastic, increases also their sonorousness. 
Thus bell metal is more remarkable for those proper ties, than 
either tin or copper, which are its constituents. 

12. The structure or texture of several of the metals appears 
to be crystalline. That of iron, developed by the action of 
solvents, has been. shown by Mr. Daniel to be fibrous. Bis- 
muth and antimony have a lamellated texture; nickel presents 
a fracture between fibrous and foliated; and steel is granular. 
Several of the metals, when melted and cooled under favo- 
rable circumstances, form regular crystals. Thus bismuth, 
melted in a crucible, and suffered to cool, becomes covered with 
a crust, and when this is pierced, and the fluid beneath allowed 
to flow out, the cavity is found studded with beautifully regular 
cubic crystals. Arsenic crystallizes in regular tetrahedrons, 
and titanium in long slender filaments or prisms. 


Beside the circumstances of agreement in their physical 
qualities, which have been enumerated, the metals resemble 
each other, also, in their chemical properties. Some of these 
resemblances it may be proper to state, for the purpose of 
avoiding unnecessary repetitions. 

The metals, so far as we know at present, are simple or ele- 
mentary bodies, and are completely incapable of being con- 
verted into each other. They were formerly, indeed, consider- 
ed, but on very insufficient evidence, to be composed of a com- 
bustible base, peculiar to each metal, united with a general prin- 
ciple of inflammability, which received the name of phiogiston. 
When the metals are exposed to a strong heat, the first change 
which is produced in them is that they melt, or run into 
fusion. ‘This effect takes place, in the different metals, at very 
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different temperatures. Some of them may be made to boil, 
and are actually converted into vapour, at a heat considerably 
below redness; while others require a very intense heat for 
their fusion. By a sufficient elevation of temperature, it is 
probable, however, that they would all be volatilized ; for 
platinum itself, which does not melt at a less heat than 170° 
of Wedgwood, has been observed to boil, when placed in the 
focus of a powerful burning lens.* In some of the metals, no 
farther change is produced by the application of heat with the 
free access of air; and they return, on cooling, to their for- 
mer condition. But other metals undergo a very remarkable 
change. Their cohesion, lustre, malleability, tenacity, and 
all the properties that have been described as characteristic 
of them, are destroyed. ‘Though their absolute weight is in- 
creased, yet they become specifically lighter, and they are 
distinguished by a new train of properties which were not ob- 
served in the metals themselves. 

These changes have been very differently explained, at dif- 
ferent periods in the history of chemical science. On the 
theory of phlogiston, they were accounted for by assuming 
that the metals, during the process of exposure to air at a high 
temperature, abandon their phlogiston, which, it was sup- 
posed, unites with the air and renders it phlogisticated, and 
consequently unfit for supporting the combustion of other in- 
flammable bodies. ‘The hypothesis, however, could no longer 
be maintained, when it was proved that the metals, so far from 
losing weight, become heavier after calcination. 

The theory, which is now almost universally admitted, as 
best explaining the phenomena in question, though suggested 
by the hints furnished by preceding discoveries, was first re- 
duced to a systematic and consistent form by Lavoisier. The 
metals, according to the views of that philosopher, are sim- 
ple bodies, and undergo the changes that have already been de- 
scribed, in consequence of the absorption of oxygen from the 
air. Hence, while the metallic body becomes heavier, the air, 
-in which the process is performed, should sustain a proportional 
diminution of weight. ‘That this is the fact, admits of being 


* Annales de Chimie, Ixix. 92. 
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demonstrated; and still more readily and satisfactorily, if we 
employ oxygen gas instead of common air. A certain quantity 
of oxygen gas, (or the whole indeed, under favourable cireum~ 
stances) disappears; and the increase of weight in the metal is 
found, on examination, to be precisely equivalent to that of the 
gas which has been condensed. In some cases, we can even go 
. farther, and separate the oxygen from the metal by the mere 
application of heat, the oxygen being recovered in the state 
of gas, and the metal returning to a metallic form. More 
satisfactory evidence than this could scarcely be required of 
the nature of the change which takes place; and it may be ad- 
mitted, therefore, as an established truth, that metals lose their 
metallic properties, in consequence of their combination with 
oxygen. ‘The process has been called by Lavoisier, oxidation, 
and the result of it an oxide. For the former term, however, 
Mr. Chevenix, influenced by reasons which are stated in his 
work on chemical nomenclature, has proposed to substitute 
that of oxidizement. In the following pages, I shall employ 
both these expressions indiscriminately. 

The phenomena and results of the oxidizement of metals 
are not the same in all cases, but differ very considerably with 
respect to different metals. 

1. Some metals are oxidized by mere exposure to atmo- 
spheric air at the ordinary temperature, and even to air which 
has been deprived .of its hygrometric water. Arsenic, man- 
ganese, and the new metals discovered by Sir H. Davy, are 
perhaps the only ones which,have been proved to possess this 
property. Potassium, indeed, has been stated by Thenard to 
be the only metal that is acted upon by perfectly dry oxygen 
gas. Others, it is true, as lead and copper, are changed by 
the action of the air, but extremely slowly, and not without 
the conjoined operation of moisture. 

2. Other metals absorb oxygen from the atmosphere, but 
not without a considerable increase of their temperature. 
Iron, zinc, copper, tin, &c. when heated to redness, lose their 
metallic lustre, and are slowly converted into variously co- 
loured oxides. In some instances, the process is accompanied 
with so abundant an extrication of light and heat, as to exhibit 
a vivid inflammation. This happens, chiefly, with some of the 
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volatile metals. Arsenic and zinc, for example, when pro- 
jected into a red-hot crucible, emit a brilliant flame. In other 
metals, the process is unaccompanied by any remarkable phe- 
nomena, and is known to have taken place only by its results. 

To convert the metals into oxides, there is a degree of heat, 
which is peculiar to each metal, and even to different oxides 
of the same metal. Mercury, for example, is oxidized, at a 
degree of heat which produces no change on iron; and lead 
at one degree of temperature becomes minium, at another mas- 
‘sicot. 

3. With the exception of mercury, the metals, which have 
been called perfect (comprehending, also, gold, platinum, 
silver, and palladium,) are not oxidized, even by the combined 
operations of air and of au increased temperature. Gold, 
silver, and other metals of this kind,.may be kept for many 
days in fusion, without undergoing any change. ‘That they 
have an affinity, however, for oxygen, and are even capable 
of taking it from atmospheric air, is proved by the effect of 
an electrical or galvanic battery. By the former, the wires 
of the perfect metals are, at the same moment, dispersed into 
smoke and oxidized; and by transmitting a powerful dis- 
charge, through any of the perfect metals beaten into thin 
leaves, the metal burns with a remarkable degree of splendour. 

4. All metals that are oxidized by atmospherical air, are 
still more readily oxidized by oxygen gas. In many cases a 
metal, which undergoes this change slowly and invisibly by 
the action of air, takes fire in oxygen gas, and exhibits a 
bright inflammation. For example, it has already been shown, 
that iron wire may be entirely and vividly consumed in oxy- 
gen gas. 

These are the most simple cases of metallic oxidizement. 
In order that the changes, which have been described, may 
take place, it is only necessary that there should exist a 
stronger affinity between oxygen and the metal, than between 
the oxygen and light (and perhaps the electricity) which con- 
stitute the gas; and fusion, and other modes of promoting the 
oxidation of metals, are probably efficient. by overcoming the 
cohesive attraction of the metallic particles. In certain cases, 
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the phenomena become more complicated, and the metal ac- 
quires oxygen by the decomposition of some other compound, 
in which that element is present. Of these sources of oxygen, 
the most important, if not the only ones, are water, the acids, 
and other oxides; or compounds containing one or more of 
these substances. | 

I. Water gives up its oxygen to those metals oles which 
manifest a powerful affinity for that basis, and, generally 
speaking, to those which are most efficient in decomposing 
nine air. The metallic bases of the alkalis and 
earths decompose it with a rapidity which amounts to actual 
inflammation ; but, in general, the change is slow at common 
temperatures. Iron filings, for example, when moistened 
with water, and confined in.an inverted jar over mercury, 
become very gradually oxidized, and evolve hydrogen gas. 
But water, brought into contact with red-hot iron, is rapidly 
decomposed, and hydrogen gas is disengaged in torrents. 

Water, it is observed by Gay Lussac, has the power ef 
bringing all metals, on which it is capable of acting alone, 
to the same degree of oxidation as when assisted by the action 
of acids, sometimes to a higher degree, but never to an in- 
ferior one. Thus water by itself oxidizes tin to the maximum, 
and iron and potassium to the medium; but mingled with 
acids, it oxidates iron and tin to the mnzmum only. 

IJ. All those acids in which oxygen has been proved ‘to 
exist, and especially those which Dr. Thomson has called 
supporters of combustion, and the neutral salts containing them, 
are efficient means of oxidizing the metals. In general, the 
less strong the affinity of the acid base for oxygen, the more 
rapidly is the metal oxidized. Those acids, that have not been 
proved to contain oxygen, are remarkably inert in their action 
on metals; and the same inactivity belongs to other acids, 
in which the oxygen and base are held combined by a power- 
ful affinity. Thus, concentrated sulphuric acid, at the tem- 
perature of the atmosphere, scarcely attacks any of the metals; 
because the cxygen and sulphur, of which it consists, forcibly 
attract each other. On the other hand, the nitric and nitro- 
muriatic acids, in which there exists a large quantity of loosely 


CHAP. LX. GENERAL PROPERTIES ‘OF METALS. 467 


combined oxygen, readily abandon .a part of it, and act.on 
the metals with considerable energy. Even the perfect me- 
tals:are oxidized by the last acid’; and thus we obtain proof 
that the resistance, which the perfect metals show tothe action 
of oxygen gas, is not owing to their want of affinity for that 
basis, but to the predominance of other opposing forces. 

_ Some of the acids, which do not, in their concentrated 
state, act upon metals, acquire the power of oxidizing them | 
when diluted with water. This is true of the sulphuric and 
muriatic acids, to either of which, when concentrated, we may 
apply iron or zinc, without any change ensuing. But on 
adding water, the metal disappears, and hydrogen gas is 
abundantly evolved. Now itis a principle, to which no ex- 
ception has yet been discovered, that a metal cannot, in its 
perfectly metallic state, unite with any acid. In order to be 
dissolved, it must first be brought into the state of an oxide; 
and in the case which has been just now stated, no substance, 
capable of furnishing oxygen, is in contact with the iron ex- 
cept water. As an additional proof that water is, in this in- 
‘stance, the source of the oxygen, it has been ascertained that 
no portion of the acid is decomposed; but that the same 
quantity of acid exists im: combination with oxide of iron, as 
was originally submitted to experiment. 

By measuring the quantity of hydrogen gas, evolved in ex- 
periments of this kind, it is easy to calculate how much oxy- 
gen the metal has acquired; for every 100 cubic inches of 
hydrogen gas indicate the transference to the metal of 16.9 
grains of oxygen. Equal weights of different metals evolve 
different quantities of hydrogen gas, in consequence of their 
combining with different quantities of oxygen. If 100 grains of 
onemetal, for example, in order to become soluble in sulphu- 
ric acid, require 20 grains of oxygen, and another only 10 
“grains, the former in an equal weight will disengage twice as 
much hydrogen gas as the latter. “Phe same metal, also, in 
different states, may evolve different quantities of hydrogen. 
_ If, for example, the metal be already a little oxidized, it will 
set at liberty less hydrogen than if it were perfectly metallized. 
On this principle, the different proportions of real metal in 
several varieties of iron and steel have been investigated, the 
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most perfectly metallized iron yielding, of course, the most 
hydrogen gas. 

The phenomena, observed during the solution of a metal, 
and those attending the solution of its oxide, in the same acid, 
are essentially different. For the most part, a metal is dis- 
solved with effervescence, an appearance always occasioned by 
the escape of gas. Iron, it has already been stated, effervesces 
strongly during its solution in diluted sulphuric acid; but the 
black oxide of that metal is taken up silently, and without any 
discharge of gas. | 
_ II. The metals may be oxidized by the transfer of oxygen 
from other metallic oxides. Thus, when iron filings are dis- 
tilled with the red oxide of mercury, the oxygen passes to 
the iron, and the mercury is revived, or appears in a metallic 
state. Ina similar manner, the oxides, held in solution by 
acids, are decomposed by immersing, in the solution, other 
metals.. When copper, for example, is immersed in a solu- 
tion of nitrate of mercury (consisting of oxide of mercury and 
nitric acid) the latter metal is deprived of its oxygen by the 
former, and appears on the surface of the copper in a revived 
state. The nitrate of copper, which is thus produced, is pre- 
cipitated by iron, which has a stronger affinity than copper 
for oxygen. A variety of similar examples might be given, 
in which the precipitating metal takes oxygen from that which 
is precipitated. In cases of this sort, it must be confessed that 
the comparative affinities of the acid for the oxides of the two 
metals may have some share in the effect, but much less than 
the affinities of oxygen separately considered. The precipitated 
metal, also, is seldom quite pure, but almost always contains 
a portion of the metal, which has caused the precipitation. 

From an attentive examination of facts of this kind, Lavoi- 
sier has deduced the proportion of oxygen necessary to the 
solution of different metals, according to this analogy: 4s the 
quantity of the pReciPiTaNT is to that of the PRECIPITATED 
metal, so is the quantity of oxygen necessary for the solution of 
the precipitated to that necessary for the solution of the precipi- 
tant. For example, it has been found by experiment that 
135 grains of mercury are necessary for the precipitation of 
100 grains of silver from the nitric acid. It is evident, then, 
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that 135 grains of mercury require, to become soluble in nitric 
acid, the same quantity of oxygen as 100 grains of silver; and, 
therefore, as 100 to 135, so is the quantity necessary to render 
soluble 100 grains of mercury, to that necessary for the so- 
lution of 100 grains of silver. Now eight grains of oxygen 
are necessary to the solution of 100 grains of mercury; and 
therefore 10.8 grains must be required for the solution of 100 
grains of silver. By an extension of the same experiments to 
other metals, Lavoisier formed a table of the quantity of oxy- 
gen necessary for the solution of all the metals; but I omit 
giving it in this place, because subsequent discoveries have 


pointed out several inaccuracies, with respect to individual 
oxides. 


Such are the principal means of effecting the oxidation of 
metals. Different individuals of the class, it has already been 
stated, combine with different proportions of oxygen; and 
it has been conceived by M. Frere de Montizon, that a rela- 
tion exists between the specific gravity of the metals, and the 
quantity of oxygen, with which they are capable of uniting, 
the oxygen being either a multiple or submultiple of the 
density.* Thus the specific gravity of manganese being 7, the 
oxygen of the protoxide is by experiment 28.1, which is very 
nearly a multiple of the density by 4.. The law, however, 
cannot be considered as generally established. If it were to 
hold good universally, it would indicate the existence of a 
relation between the density of metals and the weight of their 
atoms. 

The same metal, it may be added, is susceptible of different 
degrees or stages of oxidation. Iron, forexample, when united 
with oxygen in the proportion of 29.5 grains or thereabouts, to 
100 grains of metal, composes a llack oxide; and with 43.5 
parts of oxygen to 100 of metal it constitutes a red oxide. 
These different oxides of the same metal have not only different 
colours, but each of them is characterized by a distinct train 
of chemical properties, and especially by different habitudes 
with respect to the acids. Thus the black oxide of iron readily 
unites with muriatic and sulphuric acids; but the red oxide 


bed Ann, de Chim. et Phys. vii. 7. Thomson’s Ann. xii. 8. 


470 GENERAL PROPERTIES OF METALS. CHAP. IX. 


less easily. The salts.with base of the protoxide of iron afford 
awhite precipitate with triple prussiate of potash ; and none‘at 
all with the gallie acid, or with sulphureted hydrogen. But 
the salts, in which the iron is at the maximum of oxidation, 
give a deep-blue compound with the triple prussiate, and a 
black one with the gallic acid. 

It is an interesting question, whether the same metal is ca- 
pable of uniting with oxygen, in all proportions between the 
maxinum and minimum, or whether it does not rather com= 
bine with that principle in a few proportions only, between 
which there are no mtermediate compounds. Are there, for 
example, only two oxides of mereury, the black, consisting of 
100 parts of metal united with four of oxygen; and the nea 
composed of the same quantity of metal and eight parts of 
oxygen | ? ‘The determination of this point requires more pre- 
cise and multiplied appeals to experiment, than have hitherto 
been made, before it-can be laid down-asa principle, from which 
there is no exception, that every metal unites with oxygen 
only in a few definite proportions. _ But in a great variety of 
cases, where the question has been accurately investigated, 
different oxides ofthe same metal have been proved to.contain 
“oxygen, in proportions which. are simple multiples or divisors 
of each other, and in no others; and the fact will probably be 
established with respect to all other oxides. It is byno means 
necessary, however, that the possible number of oxides of any 
one metal should be limited, as Proust has supposed, to two; 
for it is perfectly consistent with the atomic hypothesis that 
‘there may be three, four, or even a greater number of oxides 
of each. 

It had been long known ial of different oxides of the same 
metal, the one which contains a larger proportion of oxygen 
is capable of saturating more acid, than the one which con- 
tains less. ‘This. was ascertained’ by Proust, with’ respect to 
the two muriates of copper, as appears from the following 
statement, which still holds-trne, if we consider the-salts as in 
& state of'solution, or as true muriates, and not chlorides. 
nig ae | ¢i00 copper 
The green muriate consists of < 24.57 oxygen. 
| | ' & §8.18°acid. 
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100 = copper. 
The white muriate of 1 12.28 oxygen. 
41.59 acid. 


The same law appears, also, from the experiments of Sir H. 
Davy, to apply to the oxides of potassium and sodium. To 
this principle, an important addition has been proposed by 
Gay Lussac,* and supported by a variety of illustrations; viz. 
that the quantity of acid, whith different metals require for 
saturation, is in direct proportion to the quantity of oxygen in 
their oxides. Let us suppose, for example, that of any two 
metals, A combines with twice as much oxygen as B; then, a 
given weight of the oxide of A will neutralise twice as much 
of any given acid as an equal weight of the oxide of B. 

The solubility of the metallic valle in water, it has been ob-= 
served by Gay Lussac, bears a proportion to the quantity of 
oxygen in the oxides ; and consequently to the quantity of acid 
with which that oxide is combined. Salts, in which the metal 
is at the minimum of oxidation, are generally those which are 
most insoluble. This is the fact with respect to the salts of 
lead, silver, and mercury; for these are metals which, at the 
minimum of oxidizement, take very little oxygen, and conse- 
quently very little acid. A similar law seems applicable 
to the compounds of chlorine, for corrosive sublimate, which 
contains the largest proportion of that element, is much more 
soluble than calomel. 

It has been deduced by Berzelius + as a general principle, 
from the comparison of a great number of facts; that in all 
neutral salts, the oxygen of the acid is a multiplication of that 
of the base by some entire number. ‘The law, he apprehends, 
may be expressed more generally in the following terms: 
When two oxidated substances enter into a neutral combination, 
the oxygen of that, which in a galvanic circle, woulid be attract- 
ed to the positive pole, is a multiplication, by an entire number, 
_ of the oxygen of that, which would be deposited at the negative 
pole. For example, 279 parts of protoxide of lead contain 
19.95 parts of oxygen, and saturate 100 parts of sulphuric 
acid, which cofitain 59 o parts of oxygen. Now ries oxygen 


# Méinvires: birch j ii. 159; of 87 Phil, “Maz. 46. 
+ 79 Ann. de Chim..127. 
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of the oxide 19.95 x 3 = 59.85, which is precisely the oxygen 
of the acid. The same coincidence holds good in a variety of 
other instances. ‘The composition of a metallic oxide may, 
therefore, be deduced if we know the quantity of any acid, 
also of known constitution, which is required to neutralize it, — 
a method of investigation which may be resorted to with ad- 
vantage, when the composition of an oxide cannot be directly 
proved by analysis or synthesis. 

There is a certain state of oxidation, peculiar to the dif- 
ferent metals, in which they are most readily acted upon by | 
the several acids. Iron and manganese, for example, at the 
maximum of oxidizement, are altogether insoluble in nitric 
acid; but readily dissolve in it, when combined with a smaller 
proportion of oxygen. Even when once brought into combi- 
nation with that acid, the oxide, by attracting a further quan- 
tity of oxygen from the atmosphere, or from any other source, 
is separated in the state of an insoluble precipitate, which, 
however, does not consist of pure oxide, but of the oxide, with 
@ certain proportion of acid. This explains tne change, 
which is produced in solutions of iron, by keeping them ex- 
posed to air. The oxides of iron and manganese, saturated 
with oxygen, are soluble, however, in the less oxygenated 
acids; for example, in the sulphurous or nitrous, which first 
deprive the oxide of part of its oxygen, and then dissolve the 
less saturated oxide. | 

Ievery acid, with a few exceptions, is capable of uniting with 
each individual of the classes of alkalis, earths, and wetalic 
oxides. In these compounds, the separate qualities of the com- 

ponent principles are in many instances no longer apparent, 
and hence they have been,called neutral salts. In every salt, 
then, there are present two distinct ingredients. The acid,. of 
whatever kind it may be, has been i eeceeeriey il by Lavoisier, 
the salifying principle ; and the body, with which the acid is 
combined, whether an alkali, an earth, or an oxide of any of 
the common metals, the salifiable base, or simply the lase. The 
salts, formed by an individual acid with all the different 
bases, may be considered as a genus or class; and may be 
distinguished by a generic name, expressive, in part, of their 
composition. .This generic name.is taken from that of the 
acid. The combination of sulphuric acid, for instance, with 
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any base, is called a sulphat or sulphate ; of phosphoric acid a 
phosphate ; and so of the rest. The name of the individual salt 
is derived from that of the base. Thus we have the sulphat of 
potash, the sulphat of soda, &c. But sulphur, phosphorus, and 
other bodies, it has already been observed, are susceptible of 
different degrees or stages of oxygenation; and afford, in 
these different stages, acids which are characterized by a pe- 
culiar train of properties. ‘The compounds, also, which result 
from the union of two different acids, having the same com- 
bustible base, with alkalis and earths, are altogether different 
from each other. The salt, for example, wists sulphuric acid 
affords with potash, is wholly unlike that which results from 
the combination of sulphurows acid with the same base. It 
was necessary, therefore, to distinguish the compounds of the 
more oxygenated from those of the less oxygenated acid; and 
this has been done by changing the termination from ate to 
ile. ‘Thus the salts, formed with sulphurous and phosphorous 
acids, are called sulphites and phosphites: as sulphite of pot- 
ash, phosphite of soda, &c. 

An important law has been deduced, by Berzelius, respect- 
ing the combination of acids with bases, viz. that the quanti- 
ties of different bases, required to saturate a given quantily of 
any acid, all contain the same quantily of oxygen. For example, 
100 parts of sulphuric acid are saturated by a quantity of any 
base, containing 20 parts of oxygen; and 100 parts of muri- 
atic acid by a quantity of base, which holds in combination 
30.49 parts of oxygen. ‘These proportions do not seem to be 
changed by varying the state of oxygenation of the acid; for 
sulphites absorb oxygen to become sulphates, and still remain 
neutral; the phosphites, when changed into phosphates, give 
up phosphorus, and continue neutral. It would appear, there- 
fore, that the propor tion between the oxygen of the acid, and 
that of the base, is regulated by the proportion of the com- 
bustible ingredients of: the acid and base to each other. In 
sulphurets, for example, the metal and sulphur are in such 
proportion, that when both are oxygenated, the oxide, re- 
sulting from the one, precisely saturates the acid, resulting 
from the other. These facts strongly confirm the atomic 
theory, and cannot, indeed, be explained by any other, 
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Hitherto, we have considered the compounds of acids. with 
their respective bases only in the state of neutral compounds, 
in which neither the acid, nor the base predominates. But 
we have several instances, in which a neutral compound is 
susceptible of uniting with an additional quantity ofacid or of 
base, and thus of acquiring an entirely new set-of properties. — 
Potash and tartaric acid, for example, when united in the 
proportions which neutralize-each other, compose an extremely 
soluble salt, which has no action on vegetable colours; but 
with a double proportion of acid, a salt is formed, which re- 
quires a: large quantity of water for solution, has an acid taste, 
and instantly reddens vegetable blue colours. 

To distinguish this and other similar salts, the epithet aczdu- 
lous was first proposed; but, for the sake of brevity, it has 
now become customary to prefix the Latin preposition super. 
Thus we have the super-tartrate of potash ; the super-sulphate 
of potash; &c. On the contrary, when the base is predomi- 
nant, we denote the deficiency of acid by the preposition saul, 
as sub-carbonate of potash, sub-borate of soda, &c. In the 
instance of the compounds of oxalic acid with potash, Dr. 
Wollaston has employed the words linoxalate and quadrox= 
alate, to express the proportions in which the acid unites with 
the base; and this:method of nomenclature has. been extended 
te other salts, formed by the union of an acid and base in dif- 
ferent proportions. There are several cases, however, in. which 
it is extremely difficult to decide, whether asaltis to be classed 
among neutral, or among sub or super salts.* 

There are a few instances of salts with compound bases ; and 
in. cases of this kind, it.is customary to annex, to the generic 
name, those of both the bases. Thus, for example, we have 
the.tartrate of potash and soda, the phosphate of ammonia and 
magnesia, or, as itis sometimes called, pa IER ak ii 
phosphate. 

In no'part of chemistry is the advantage of the new nomen- 
¢lature more sensibly experienced, than. in the elass of neutral 
salts; for the number of these ee | is paige of 


* See the retnarks' j 1 Bera Aon, de aati — 1, and Inxsii. 
225. o ¢ . . 
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being multiplied to.an immense extent. If the knowledge of 
the name did not lead to that of the compound, scarcely any 
memory would be adequate to retain‘them. But by changing 
the arbitrary titles, formerly assigned to them, for names ex- 
pressive of their composition, we are furnished with a kind of 
artificial memory, which renders their recollection perfectly 
easy. ‘Thus for the terms butter of antimony, sugar of lead, 
and Glauber’s salt, are now substituted the more appropriate 
epithets of chloride of antimony, acetate of lead, and sulphate: 
of soda. 

Beside the class of acids, which are the best solvents of the 
metals, alkaline solutions act upon metallic substances. The 
water which holds the alkali in solution, is decomposed; its 
hydrogen is disengaged, and its oxygen transferred to the 
metal; and the eside, thus produced, is taken up by the alka- 
line liquor. The oxides ready formed, are also, in several 
cases, dissolved by liquid alkalis. When a pure alkali is 
added to a metallic solution, the metal is precipitated in the 
state of an oxide; but the precipitate is seldom quite free from 
alkali, and the metallic oxide, in a few instances, instead of 
appearing in a separate form, is dissolved by the alkali. 
When alkaline carbonates are employed instead of pure alka- 
lis, for the precipitation of metallic solutions, the oxide com-— 
bines with carbonic acid, and appears in the state of a metallic 
carbonate. 

The compounds of ammonia with metallic oxides are of 
more importance than those of the other alkalis, and have ob- 
tained the generic name of AmmoniureTs. ‘They may be 
formed, either by acting on the metals with liquid ammonia, 
the water im which is decomposed and farnishes a metallic 
oxide, which unites with the alkali; orthey may be produced, 
‘by exposing the oxides to: ammoniacal gas, at the temperature 
of the atmosphere. At least fifteen oxides, or rather hy- 
drated oxides, may be brought into combination with am- 
monia, viz. oxide of zinc; deutoxide of arsenic; both the 
oxides of copper; oxide of silver; tritoxide and tetroxide of 
antimony; oxide of tellurium ; protoxides. of nickel, cobalt, 
and iren ; peroxide of tin; deutoxide of mercury; and deut~ 
oxides of gold and platinum. 
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The ammoniurets are decomposed by a strong heat; the 
oxygen of the oxide uniting with the hydrogen af the alkali, 
and the azote of the latter ae set free. In some cases, as 
in that of ammoniuret of gold, this decomposition is attended 
with a loud explosion. 

The oxides, existing in metallic solutions, are decomposed 
by inflammable substances. Light only is sufficient for the 
decomposition of some of them. Hydrogen gas, charcoal, sul- 
phur, phosphorus, and the compounds of hydrogen with the 
last three bodies, when brought into contact with the solutions 
of perfect metals at common temperatures, attract the oxygen 
from the metal, and occasion its precipitation in a metallic form. 
In this way, several beautiful appearances may be produced, 
which will be described in treating of the individual metals. 

The oxides themselves are decomposed when exposed to a 
strong heat in contact with hydrogen, charcoal, or phosphorus. 
The two first, or substances containing. them, are chiefly em- 
ployed for the decomposition of those oxides, which occur as 
natural productions. ‘The oxide, mixed with a portion of in- 
flammable matter, is exposed to an intense heat; and, in order 
to obtain the metal in a coherent mass, and not in the small 
grains which would otherwise be formed, some substance is 
generally added, which is capable of being melted, and of 
allowing the metal to subside through it. Substances of this 
kind are called fluxes, and the process is termed the revival or 
reduction of the metal. 

If only one oxide had existed of each metal, it would have 
been easy, by applying the general principles of chemical no- 
menclature, to have distinguished them by names sufficiently 
expressive of their composition. But as the metals severally 
are susceptible of several stages of oxidizement, it is difficult to 
find terms, which shall siiliclen express the characteristic 
distinctions of the several oxides of the same metal. The ex- 
istence of only two oxides would have greatly simplified their 
nomenclature; for, in that case, we might have applied the 
term oxide to the metal fully saturated with oxygen, and of 
oxidule to the compound at an inferior stage of oxidizement, 
as has been done by several of the I'rench chemists. In the 
present state of the science, however, this nomenclature is 
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inadmissible; and the specific name has been derived from 
some external character, chiefly from that of colour. Thus 
we have the black and red oxides of iron; and the black and 
red oxides of mercury. In most instances, the denominations, 
which have been proposed by Dr. Thomson for the metallic 
oxides, may be advantageously adopted. When there are 
several oxides of the same metal, he has proposed the terms 
protoxide, deutoxide, tritoxide, &c. signifying that the metal is 
in its first, second, or third stage of oxidizement. Or if two 
oxides only of any metal are known, he suggests the appella- 
tion of proloxide for that at the minimum, and of peroxide for 
that at the maximum of oxidation. 

A similar difficulty has been experienced, also, with respect 
to the neutral salts with metallic bases; for when different 
oxides of the same metal combine with a given acid, the re- 
sulting salts require to be distinguished by appropriate names. 
This has sometimes been done by prefixing the word oxygen- 
ized (or for brevity oxy-) to the salt containing the most highly 
oxidized metal; as the sulphate and oxy-sulphate of iron. The 
latter term, however, is improper; because, in strictness, it 
can only be applied to the compounds of oxy-sulphuric acid 
(an acid not yet proved to exist) with different bases; whereas 
what was meant to be expressed is merely a compound of 
ordinary sulphuric acid, with iron in its highest state of oxi- 
dizement. If the principle, assumed by Gay Lussac, should 
be confirmed by farther investigation (viz. that the acid in 
metallic salts is proportional to the oxygen in the oxides), it 
will be more easy to derive a specific name from the propor- 
tion of acid than from that of oxygen. Thus we shall have 
the sulphate and per-sulphate of iron. But till greater pre- 
cision is acquired in our knowledge of this class of bodies, it 
may be well to continue to derive the specific name of the salt 
from some obvious quality; as the green and red sulphates of 
iron, the white and green muriates of copper, &c. 

The following Table exhibits, at one view, the composition 
of most of the metallic oxides, 
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Table showing the Proportions of Oxygen with. which ‘Metals 


combine. 


Metals. Oxide. 


Potassium — 


Sodium 


Lithium 


eee 


Calcium 


Barium 


Strontiam 


Magnesium 


Glucinum | 
——— ane 


Yttrium 


oe 


Aluminum 
Thorinum 


Zirconium 


Silicium 


Manganese 


Zinc 


iron 


Tin 


Cadmium 


Arsenic 


Molybdenum 


1 

2 

I 

2 

3 
Chromium 1 
2 

3 


No. of 


160.of 
Colour of @xides, |Metal take 
| @xygen. |. 
White. | (20 cee 
Orange 60 
bie ol Sk 
Orange ~ oT 
White 124 | 
White 39.4 
“White Tk. 
- Grey 23. 
White 18:3 
“White 66.6 
White 444. 
White 25 
White 80 
Bi iite on 
White 23.78 °? 
White 117.35 
Green 34.25 
‘Brown 42.04 
Black f 62.50 
White 24,41 
Black 20.5 
Red 44.95 
Grey. 13.5 
White 27.1 
Brownish yeHow| 14.352 
White 31.57 
Ditto (acid) 52,63 
Brown 16.6 
Blue $3.3 
White (acid) 52.) 
Green 
Brown 
Red (acid) 87.72 


Authority. 


Gay Lussac:. 
and Thenard. 


Ditto. . 
Ditto. 


Gmelin. 


Berzetius. 


Ditto. | 
Thenard. 


Thomson. 


Ditto. 


as 


Ditto. 


Ditto, 


Ber zelius, |: 


— 


Forchammer.| 


Ditto. 
Ditto. 


Gay. Lussac, 2 


Berzelius. 
Ditto. 


Gay Lussac. 
_ Ditto. 


Stromyer. 


Thomson. | 


Garson. 
Bucholz. 
Ditto. 


Equivalent} Equivalent 
number of {number of 
the Metal. |the Oxide. 


40 48 
Gt 
36 
RTC e SS ae 
go 88 
ee a 
86 
mf 5e 
“ol aa 
AB 4128 
32 | 40 
ae 
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Table continued. 


100 of 


; ot Equivalent Equivalent 
Metals. * Colour of Oxides. (Metal take! Authorities. number of |number of 
| _ Oxygen. the Metal. |the Oxide. 
Tungsten Black 16.6 96 | 112 
Yellow 25. Bucholz. _120 
Columbium White 5.5 Berzelius. | 144? 152 
Antimony Dull white 18.2 | Berzelius. | 44...) 52. 
White (acid) 27.3 Ditto. 56 
Yellow (acid) | 36.4 | Ditto, - 60 
Uranium bes Black 6.4 Schoubert, | 1252 133 
os Yellow 9.6 eA 137 
Cerium 1 White 17.41 Hisinger, 46 54 
2 Fawn 26.115 Ditto, 58 
Cobalt | 1 Blue | 27.8 Rothoff, 30°] 38 
2 Black 40.95 Ditto. Ag 
Titanium POP OP Oe = * . 
2 Red 
3 White 
Bismuth of fh sq Melbswish 11.275.| Lagerhjelm. | 71 | -78 
Copper — 4 i Red 12.5 ' Proust and » 64 12 
ae Black. — 4 25,- Berzelius. So 
Tellurium 1 ' Yellowish | 24.8 . Berzelius: 382 
Nickel 1 Ash grey 27.25 | Rolhoff. |. 30 38 
’ 2 Black : 40.88 Ditto. | A6 
Lead ] ‘Yellow 7.12 Berzelius. 104 112 
a Red 11,08 Ditto, - 116 
3 Puce 15.60 Ditto. | 120 
Mercury 1 Black A Thenard,. 200 208 
2 Red 8 Ditto. 216 
Silver Loh: «+. Olive take heteel, Beyachas. 3 ia: 
Gold 1 Brown black 10.01 -| Oberkampf. 80? 88 
Platinum pe Black 8.987 | Berzelius. 96.5 2 104.5? 
2 Iron grey 11.9.1 2)...8, Davy, .4 108.5 
3 16.38 Berzelius. | 112.5 
Palladium | | 14,285 | Ditto, of 
Rhodium 1 | 6.71 Ditto, 56 64 
2 | 13.42 Ditto. 72 
3 20.13 Ditto. 80 
Iridium 1 Blue | Tennant. 
2 Red Ditto. 


~ 
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Many of the metallic oxides have an attraction for water, 
which they manifest by being soluble in it, or by reducing it 
to a solid or gelatinous form. The soluble oxides are potassa, 
soda, baryta, strontia, and lime; the deutoxide of arsenic, 
and the oxide of osmium. There are a few others, which 
are soluble in a very small degree only, not exceeding one 
thousandth of the weight of the water, viz. oxide of mo- 
lybdenum, deutoxide of mercury, tritoxide and tetroxide of 
antimony. : 

The compounds of oxides and water, in which the water ex- 
istsin a condensed state, are termed HYDRATES, Or HYDRO-OX- 
IDES, or HYDROXURES. The hydrates of potash, soda, strontia, 
and baryta, retain the water which constitutes them such, at the 
temperature of ignition, and it can only, indeed, be expelled 
by bodies that have a stronger affinity for the alkali or earth. 
The hydrates of the remaining earths are decomposed by the 
heat of ignition. The hydrated oxides of the common metals 
are obtained, by adding a solution of pure potash, soda, or 
ammonia, to the solution of the oxide in sulphuric, muriatic, 
or nitric acid. The precipitate, washed repeatedly with water, 
is to be collected on a filter; and, if dried, the heat employed 
must be as gentle as possible; for a slight elevation of tem- 
perature is sufficient to expel the hele water, and to leave 
only an oxide. 

The hydrated oxides are, for the most part, much more 
soluble in acids than the oxides. According to Berzelius, they 
are definite compounds, in such proportions, that the oxygen 
of the water is equal in weight to that of the oxide. It is, 
however, probable that each metallic oxide is capable of 
uniting with water in several definite proportions, the greater 
of ae are multiples of the less. 

Besides the important class of compounds, which roniile 
‘from the union of metals with oxygen, the metals are capable, 
also, of entering into combination with chlorine, iodine, hy- 
drogen, carbon, phosphorus, and sulphur. They afford, also, 
by uniting with each other, an interesting class of compounds 
called metallic alloys. 

I. All the metals are capable of uniting with chlorine. 
The very malleable metals, such as gold, silver, &c. which can 
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be reduced to extremely thin leaves, are best applied to the 
gas in that state; others, as iron, zinc, copper,. &c. may be 
introduced in the state of fine filings. ‘The best proportion of 
the filings is about 40 grains of each metal to 40 cubic inches 
of the gas; and into the bottom of the receiver a little dry 
sand may be poured, to prevent it from being broken. The 
temperature of the gas, in order that the experiment may suc~ 
ceed perfectly, should not be below 70° Fahr. 

The most readily oxidized metals burn with the greatest. 
brilliancy. Metallic antimony emits a very brilliant white 
flame, and throws out sparks. Arsenic exhibits a 
or blue flame, attended with sparks and a dense white smoke; 
bismuth a blueish flame; zinc a white flame and sparks; tin, 
a blueish white lights; lead, a clear white flame; copper, & 
red and slowly spreading light; and iron a bright red light. 

The results of combustion in these instances are compounds 
of chlorine with the different metals, which appear to be 
maintained by a very powerful affinity, for chlorine is capable 
of expelling the whole of the oxygen from any metallic oxide, 
and taking its place. Even those metals, that are most dis- 
tinguished by their affinity for oxygen, abandon it when their 
oxides are heated in contact with chlorine; and oxygen gas is 
in that case disengaged. ‘The same metal is capable also of 
uniting with different proportions of chlorine, which, so far 
as has been yet ascertained, are definite, and in no case exceed 
two proportions to one of metal. Hence it was proposed by 
Sir H. Davy, in fixing the nomenclature of these compounds, 
to designate those containing the least chlorine by the termi- 
nation ane added to the Latin name of the metal, as cuprane 
for that of copper; and those containing most chlorine by the 
termination anea, as cupranea. ‘Vhis nomenclature, however, 
has ‘not been generally adopted ; but the compounds of chlo- 
rine with metals are now either called chlorures, or (which 
appears to me to be preferable from analogy with the similar 
compounds of oxygen) chdorides. When more than one com 
pound exists of chlorine with any metal, that at the minimum 
may be called proto-chloride, and the others deulo-chloride, per= 
chloride, &c. 

VOL. I. 21 
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' The metallic chlorides may also be formed, by exposing 

certain metals to muriatic acid gas at high temperatures. In 
this case, the muriatic acid is decomposed; its hydrogen is 
liberated ; and its chlorine combines with the metal. Diluted 
_ muriatic acid acting on certain metals (iron for example) oc- 
casions the decomposition of water; hydrogen is evolved; 
and an oxide is formed, which unites with the muriatic acid and 
constitutes a true muriate. When this muriate is first evapo- 
rated to dryness, and then strongly heated, the oxygen of the 
metallic oxide unites with the hydrogen of the acid and forms 
water, which escapes,~and there remains a true chloride, or 
compound of the metal with chlorine. Again, the chlorides 
may be formed by double elective affinity; thus sulphate of 
mercury, exposed to heat with chloride of sodium, gives 
chloride of mercury and sulphate of soda; the oxygen and 
sulphuric acid passing from the mercury to the sodium, and 
the chlorine from the sodium to the mercury. 

The compounds of chlorine with metals have been ably in- 
vestigated by Dr. John Davy, and it is chiefly his results that 
have furnished materials for the following Table, in which 
the equivalent of chlorine is taken at 36. The first column 
contains the name of the chloride; the second the equivalent of 
the metal deduced from its oxide or from some other compound; 
the third the proportion of chlorine; and the fourth the equi- 
valent of the metal, deduced from the lowest proportion, in 
which it has actually been found to unite with chlorine. In 
most instances, the numbers in the first and Jast columns will. 
be found very nearly to coincide. When the difference is 
trifling, it may be imputed to errors unavoidable in analyses 
of this kind; but when very considerable, as in the case of 
arsenic, the disagreement shows the necessity of more ac- 
curate experiments either on the oxide, the chloride, or on 
both. , 
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Table of the Principal Compounds of Metals: with Chlorine. 


Equiv. of. |Proportion o pans. of metal 


oe deduced from 
meta chlorine, aidahd ia: 


Name of chloride. 


ee 


Chloride of Potassium.... 40 36 4.0 
——————-— Sodium ..... 24, 36 24 
Calcium..... 20 36 20 
— Barium...... 70 36 70 
————- Strontium.... 36 Als 
— Magnesium .. 12 36 12 
Manganese... 29) 36 28 
EVM otic <i etes. « 33 36 mi be 
=—Tron,! Yst. 2" 28 36 28 
PP) st WD, 
— Ling l stesa:% 59 36 59 
SNe 72 
AYSCDIC isa cs 38? 72 23.46 
Antimony. ... 44s 36 44.21 
— Bismuth. .... 71 36 71.05 
Copper, Ist.. 64 36 66.05 
—__——- 2d... 72 
te LUCA 3-300 Pieler 104 36 103.52 
Mercury, Ist..| 200 36 204.17 
edie k he Ode 72 
SSEIVED tse ores 110 36 110.14: 
Gold! 22283. ? 36 104.23 


II. All the metals unite with 1op1NE, and form compounds 
which have been called todes, zodures, or todides. The last 
term is to be preferred, on account of the analogy of the 
compounds denoted by it with oxides and chlorides. The 
iodides all decompose water, the hydrogen of which forms 
hydriodic acid with the iodine, while its oxygen is transferred 
to the metal, and the ae produced combines with the me- 
tallic oxide. 

III. THE coMPouNDS OF METALS WITH HYDROGEN are 
neither numerous nor of much importance. When water is 
decomposed by certain metals, at the same time that the 
oxygen combines with one portion, the hydrogen, which is 
disengaged in the state of gas, takes up a portion of metal. 

212 
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This is the case, in a very small degree, with iron ; still more 
with zinc; and most remarkably with potassium, arsenic, and 
tellurium, all of which afford compounds with pebeapiictie 
having distinctly characteristic properties. 

Iv. THE COMBINATIONS OF METALLIC BODIES WITH SUL- 
ruuR have been divided by Vauquelin * into thiee classes, vzx. 
1st, the compounds of metals with sulphur, which alone are 
with propriety called sulphurets ; 2dly, the compounds of sul- 
phur with metallic oxides, srtined sulphureted oxides; and 
3dly, those of sulphureted hydrogen with metallic Saco 
which may be called hydro-sulphureted oxides. 

1. All the metals, with the exception of gold, zinc, and cir 
are, in. their metallic state, susceptible a combination with 
sulphur. In order*to effect their union, itis sufficient that one 
of the bodies be br ought into: a fluid state; and as sulphur is 
readily fusible, a very moderate heat only is required for the 
purpose. Thus a mixture of 45 parts of iron filings with 15 
of sulphur, or of 40 parts of copper filings with 15 of sulphur, 
when heated in a glass tube,, combines, the moment the fusion 
of the sulphur is: accomplished. ‘The phenomena are very 
remarkable, consisting in a sudden and bright glow, like that 
of intense ignition. During combination, however dry the 
materials.may have been, it appears from the experiments of 
Mr. Clayfield +-that a quantity of elastic fluid is extricated, 
amounting to nine or ten times the bulk of the mixture, and 
consisting’ of sulphureted hydrogen and sulphurous acid. ‘The 
former, probably; arises:from the sulphur, and the latter from 
the metallic: filings; which: may have been partially oxidized 
by the process:of washing and drying. 
~ In these compounds, the properties of the metals: cease to 
be apparent; for the sulphurets are brittle; have colours dif- 
ferent from those of the metals; and, when artificially formed, 
are destitute of lustre.- The quantity of sulphur, with which 
different metals are capable of uniting, varies foreach metal. 


# .Annales de Chimie, xxxvii. “BT. 
“+f Note to Sir H. Davy’ S Ae on alkalis. (Philosophical Transactions, 
1808:)' | AoekaD 
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The same metal, also, in some instances, combines with dif- 
ferent quantities of sulphur, and affords compounds, charac- 
' terized by a distinct train of properties. Thus the compound 
of 100 parts of iron with 581 of sulphur is brittle and of a 
dark grey colour; has little or no lustre ; and ‘is attracted by 
the magnet. But 100 parts of iron with 117 of sulphur form 
a yellow compact compound; of sufficient hardness to strike 
fire with steel; and having so much lustre, as to have been 
often mistaken by the ignorant for gold. When different 
sulphurets of the same metal exist, the sulphur, in those 
which contain the larger proportion, is an exact simple mul- 
tiple of the sulphur in those which contain the less. 

The following Table exhibits the composition of several of 
the metallic sulphurets, so far as they are yet known. In 
several, it is probable the numbers are incorrect, because they 
do not stand the test of a comparison with the oxides; for as 
_the equivalent of sulphur is precisely double that of oxygen, 
the quantities of sulphur, that unite with metals, should be 
multiples by two of the oxygen in the corresponding oxides. 


Table of Sulphurets. 
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Table of Sulphurets, continued. 


100 Parts of Unite with Sulphur. Authority. 


U—_~ = UL -- ---F 
Hae: VI FS 48.84 @eeovevevee Dr. Thomson. 


Bismuth. .1st...... 22.52 ........ Lagerhjelm. 
———- 2d...... 45. edhe, «we VERICQUICLIEN 
Antimony Po. 2287.25 PY? Berzeliiis. 
Arsenic? FSCS Soa ee 

sod. OPE. OPS. Stites stele 
CobalethPHi, . Ti tes SOS eee ae” Ose. 
Molybdenum...... 67. Se Be 


Metallic sulphurets can only be partially decomposed by 
heat: and though this assertion appears to be contradicted by 
the effect of roasting these compounds; yet it is to be consi- 
dered that the metals, when heated with the contact of air, 
absorb oxygen, and thus lose their affinity for sulphur. The 
sulphuret of one metal may, in many instances, be decom- 
posed by another metal. Thus when sulphuret of mercury 
is distilled with a proper proportion of iron filings, the sul- 
phur passes to the iron, and the mercury comes over in a me- 
tallic state. _ 

Concentrated sulphuric acid, with the assistance of heat, 
acts upon metallic sulphurets, and is converted into sulphu- 
rous acid, which, being volatile, escapes.* Metals which, in 
their separate state, were dissolved by dilute sulphuric acid, 
continue sensible to its action, after being combined with sul- 
phur. When dilute sulphuric acid, however, acts on such 
compounds, instead of hydr ogen gas simply, we obtain sul- 
phureted hydrogen. It is chic” the compounds with the 
minimum of sulphur, that produce this effect; for the super- 
sulphurets, or those containing a farther proportion of sul- 
phur, resist the action of this solvent. 

Concentrated muriatic acid has no effect on sulphurets; but 
the diluted acid acts like the diluted sulphuric. Nitric acid 
is decomposed by the metallic sulphurets ; nitrous gas is dis- 
engaged; and sulphur is precipitated.t In this case, though 


° Berthollet, Annales‘de Chimie, xxv. 256. + Vauquelin, loc. cit. 65. 
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all nitric acid contains water, yet sulphureted hydrogen is 
not formed, because the acid yields its oxygen more easily 
than the water. 

Sulphurets, composed of metals which powerfully attract 
oxygen, and the oxides of which have moreover an affinity for 
sulphuric acid, absorb oxygen from the atmosphere, and pass 
to the state of sulphates. In this way most of the sulphate of 
iron is formed, which occurs in commerce. But if the metal 
has either a strong affinity for sulphur, or a weak one for 
oxygen, then the conversion into a sulphate does not happen, 
as in the sulphurets of copper, antimony, and mercury.* The 
sulphuret of iron containing a full proportion of sulphur re- 
sists, also, the conjoined action of air and moisture. 

2. In general, the metals have a stronger affinity than their 
oxides for sulphur; and several of the oxides, when heated with 
sulphur, are decomposed, their oxygen being separated in the 
state of sulphurous acid, and a truemetallicsulphuret remaining. 
This appears io be the case, in part at least, even with the oxides 
of metals which powerfully attract oxygen, such as potassa, 
soda, &c. But there are a few cases, in which certain metals 
are incapable of combining with sulphur, till they are brought 
into the state of oxides. These are chiefly zinc, mercury, and 
manganese, the compounds of which with sulphur may be 
called sulphureted oxides.+ Other metals, also, are capable of 
affording similar compounds; but in general their affinity for 
sulphur diminishes, in proportion to the quantity of oxygen 
which they hold in combination. 

Sulphureted oxides act on acids, somewhat differently from 
the mere sulphurets. If the metal be only oxidized at its mi- 
nimum, they yield sulphureted hydrogen with diluted muri- 
atic and sulphuric acids, and nitrous gas with nitric acid. But 
in their perfectly oxidized state, the oxides dissolve without 
effervescence, and the sulphur remains unaltered. 

3. Sulphureted hydrogen enters into combination with a 
few of the metals, with mercury and silver for example; but 


* Berthollet, loc. cit. 256. 

+ Vauquelin asserts, however, (Ann. de Chim. et Phys. v. 6,) that the 
oxides of manganese and iron are decomposed by sulphur, and that tru 
metallic sulphurets are formed. 
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it unites, in general, more readily and permanently with ‘their 
oxides. From such compounds, the sulphureted hydrogen 
is detached in a gaseous state by some concentrated acids, 
which seize the metallic oxide. Most of the sulphureted 
oxides, also, undergo, in process of time, spontaneous de- 
composition, in consequence of the union of the hydrogen 
and oxygen which they contain, and which, by combination, 
form water. When this happens, the oxide is partly reduced, 
and the sulphur unites with the deoxidized metal. Hence the 
same sulphureted oxide varies in composition, according to 
the period which has elapsed since its preparation. 

When we precipitate a metallic solution by sulphureted 
hydrogen alone, or by its compounds with alkalies, we obtain 
either a metallic sulphuret or a hydro-sulphuret. In the first 
case, the hydrogen of the sulphureted hydrogen takes all the 
oxygen of the oxide; and the sulphur forms a true sulphuret 
with the reduced metal. In the second case, the sulphureted 
hydrogen unites directly with the oxide, without decomposing 
it, and its proportion is such that the hydrogen is sufficient to 
saturate all the oxygen of the oxide. The quantity of hy- 
drogen, then, which is destroyed, or may be destroyed, de- 
pends on the state of oxidizement of the metal, and so also 
does the quantity of sulphur. Now if metals, as appears pro- 
bable, are susceptible of oxidation in only a few determinate 
degrees, it follows that by precipitations of this kind, we may | 
obtain metallic sulphurets with fixed proportions, which may 
be easily calculated from the known quantity of oxygen in 
the oxide, and the known composition of sulphureted hy- 
drogen.* Thus the law of fixed proportions will be extended 
to the compounds of metals with sulphur; and another step 
‘will be made towards establishing the important general 
principle in chemical philosophy, which has been so ably 
illustrated, in other cases, by Mr. Dalton. 

4. Hydrogureted sulphurets of metals and their oxides 
“aay be obtained by precipitating metallic solutions with the 
“hydrogureted sulphurets of alkalies. In sulphureted oxides, 
it has been observed by Berzelius,} the oxygen of the oxide 
Es 

* Gay Lussac, Mémoires d’Arcueil, ii. 175. + 79 Ann. de Chim. 129. 
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is to the hydrogen of the sulphureted hydrogen, precisely in 
the proportion necessary to constitute water. ‘The oxides of all 
those metals, he.adds, which have for oxygen a greater affinity 
than hydrogen has, may unite with sulphureted hydrogen. 
In the compounds, thus produced, the metal, sulphur, hy- 
drogen, znd oxygen, exist in such proportions, that the oxygen 
is precisely sufficient to change the sulphur into acid, the 
metal into protoxide, and the hydrogen into water. But if 
the affinity of the metal for oxygen be inferior to that of hy- 
drogen, the oxide is then reduced, and water and a sulphuret 
are generated. Thus the alkalis, the earths, and protoxides. 
of zinc and manganese, afford, with sulphureted hydrogen, 
saline combinations; but the oxides of lead and copper are 
decomposed by it. 

It had been generally supposed that metals, which have a 
great affinity for oxygen, and which decompose water (as 
manganese, iron, zinc, uranium, nickel, cobalt, &c.) are not 
precipitated from their solutions by sulphureted hydrogen, 
except with the concurrence of double affinities. Gay Lus- 
sac, however, has shown* that the compounds of these 
metals with the weaker acids (as the acetic, tartaric, and 
oxalic) are decomposed by sulphureted hydrogen, and pro- 
duce hydrosulphurets of the respective metals. When a still 
weaker solvent of the metal is employed, the decomposition is. 
more easily effected. Thus the ammoniurets of iron, nickel, 
&c. are entirely decomposed by that gas; and this furnishes 
an excellent process for obtaining pure hydrosulphurets; for 
the alkaline hydrosulphurets, commonly employed for this 
purpose, are almost always contaminated with sulphur. 
Those metals, which are not precipitable by sulphureted 
hydrogen, become so, when acetate of potash is added to their 
solutions. 

V. Several metals have an affinity for phosphorus, and form 
a class of compounds called merariic pHospHURETS. The 
best method of effecting this combination is to expose the 
metals to heat, in contact with phosphoric-acid and charcoal. 
The charcoal deprives the phosphorus of oxygen; and the 
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de-oxygenized phosphorus unites with the metal. Metals, 
however, that have a strong affinity for oxygen, decompose 
the phosphoric acid, and unite with its base, without the in- 
tervention of charcoal. The metallic phosphurets have not 
hitherto been applied to any useful purpose; and it is suffi- 
cient, therefore, to refer to the description of them by Pel- 
jetier, in the first and thirteenth volumes of the Annales de 
Chimie. 

VI. The compounds of metals with carbon are called car- 
puREts. That of iron and carbon, the properties of which 
vary according to the proportion of the two ingredients, is 
the only one of importance. It will be described in its proper 
place. | 

VII. The metals are, for the most part, capable of uniting 
with each other. For this purpose, they require to be 
brought into a state of fusion; and, even when melted, con- 
siderable care is necessary to form a permanent compound. If 
one metal is considerably heavier than the other, it is apt to 
sink to the bottom of the fluid mass. Nothing can show this 
in a more striking manner, than a fact which has been stated 
by Mr. Hatchett. He found that when gold, which has been 
melted with a proportion of copper or other metals, is cast 
into bars, the moulds for which are placed vertically, the 
lower part of the bar contains more gold in proportion than 
the upper part. 

There are a few of the metals that do not unite by being 
fused together. ‘This is the case with lead and iron; but even 
in such cases we are scarcely, perhaps, entitled to deny all 
affinity ; for some of the metals, which were formerly thought 
incapable of combination, have been made to combine by 
circuitous processes. ‘This is the fact with respect to iron and 
mercury.* 

In the new nomenclature, the word aLLoy is retained as a 
general term for all combinations of metals with each other; 
and the specific name is derived from that of the metal, which 
prevails in the compound. Thus in the alloy of gold with 
silver, the gold is to be understood as being in greatest pro- 


~* Aikin, in Philosophical Magazine, 
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portion; in the alloy of silver with gold, the silver is the prin- 
cipal ingredient. ‘The compounds of mercury with other 
metals, at a very early period of chemistry, were called 
AMALGAMS, and as the name does not lead to any erroneous 
notions, it may still be retained to denote this sort of alloy. 

The metals in general have been supposed capable of uniting 
with each other in unlimited proportions; but a careful exa- 
mination of those alloys, which are characterized by peculiar 
properties, and adapted to specific uses, has shown that such 
compounds are definite, and fall within the general laws of 
the atomic system. This proposition has been ably maintained 
by Berzelius, as well as by Dalton. Potassium, the former 
observes, gives with mercury two crystallized compounds, one 
of which contains twice as much potassium as the other. The 
arbor Diane is a definite compound of silver and mercury. 
When zinc and copper are distilled together, a certain quan- 
tity of zinc comes over, but the rest cannot be raised by heat. 
From a fused mixture of antimony, iron, and copper with 
much tin, metallic crystals separate on cooling, containing 
fixed proportions of the component metals. Whenever, in- 
deed, the new compound has an opportunity of separating 
from the fused mass, it appears to be formed in established 
proportions. 

By combination with each other, the metals undergo a con- 
siderable change of properties, and acquire new ones, not ob- 
servable in the separate metals. 

1. The specific gravity of an alloy is seldom the mean of 
those of its component parts. ‘Thus an alloy of silver with 
copper or tin, or one of silver or gold with lead, has a greater 
than the mean specific gravity. An alloy, also, of aia with 
mercury, though the former metal is specifically lighter than 
the latter, possesses so much acquired density as to sink in 
guicksiiver. In other cases, on the contrary, the specific 
gravity of the compound falls short of the mean of that of its 
components, or there appears to be a degree of dilatation, as 
in the alloys of gold with copper, iron, or tin. To estimate 
exactly, however, either the increase or diminution of density, 
requires an attention to several circumstances.* 


* See Aikin’s Dictionary, article Alloy. 
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2. The ductilityand mallealility of metals is generally changed 
by being alloyed together; and, for the most part, these quali- 
ties are impaired. Even two metals, which separately are both 
malleable and :ductile, may be rendered brittle by combina- 
tion. ‘This is very remarkably the case with an alloy of gold 
and lead, the latter of which, even in the trivial proportion 
of half a grain to an ounce of gold, renders the alloy quite 
destitute of tenacity; and an-alloy of platmum, copper, and 
zinc, though eminently ductile and malleable, is rendered 
brittle by a quantity of iron not exceeding half a grain in 
four ounces of the alloy.* In such cases, it has been sup- 
posed that a true chemical union does not take place, and that 
the newly added metal is merely mechanically interposed be- 
tween the particles of the other, the cohesion of which it 
thus impairs. This explanation, however, can scarcely be 
admitted as satisfactory; and, among ‘other arguments in 
proof of the existence of chemical union, it may be remarked, 
that gold is rendered brittle by being kept in fusion in the 
vicinity of melted tin, the vapour of which it seems — 
of oapinesones 

3. The Serna of metals is varied by combination. Gold, 
an combination with a small quantity of copper, and silver by 
a minute proportion of the same metal, acquire such an in- 
crease of hardness, that these additions are always made to 
gold or silver which is to be exposed to wear. By a small 
addition of gold, iron is said to gain so much hardness, as to 
be even superior to steel for the fabrication of cutting instru- 
ments. 

4. Change of colour is a common effect of the combination 
of metals with each other. Arsenic, forcxample, which resem- 
bles steel, and copper, which has a red colour, afford by 
their union a compound which has an the whiteness of 
silver. 

5. The fusibility of compound metals is different from what 
might have been inferred from that of their «components. 
Platinum, for example, is rendered easily fusible by arsenic, 
and a compound of lead, tin, and bismuth, melts at a temper- 


* Journ..of Science,. ii..119. 
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ature below that of boiling water, though the most fusible of 
the three (tin) requires for its fusion a much higher degree of 
heat than 212°. This is the principle of solders. . 

6. Metals have their volatility increased, by being combined 
with other metals which are more volatile than themselves. 
Gold, separately, requires an intense heat for its volatilization; 
but when an amalgam of gold with mercury is distilled, a 
quantity of gold passes over with the quicksilver. 

7. By chemical union with each other, the metals have their 
tendency to combine with oxygen considerably increased, partly 
in consequence of the diminution of their cohesion, but. in 
some cases, in consequence of their forming a galvanic com- 
bination. Lead, when amalgamated with mercury, is oxidized 
by merely shaking the compound with water. Lead and tin, 
melted together, acquire such an increase of affinity for oxygen, 
that, at the moment of combination, they actually inflame. 
By the oxidation of either ingredient in any of these alloys, 
the compound is destroyed. The oxide of lead, for example, 
separates from mercury in the form ofa black powder. Hence, 
also, a pellicle of oxide is generally observed on the surface of 
melied solders, which is renewed as soon as it is removed. 

8. The solubility of metals in acids is modified by their 
combination with each other. When go!d is alloyed with a 
small proportion of silver, the latter metal is protected from 
the action of the nitric acid, and in order to render it scluble 
in that acid, it is necessary to raise its proportion to’ one 
fourth the weight of the alloy, which constitutes the process 
of quartation. Ina similar manner, in order to render tin capa- 
ble of being entirely dissolved out of an alloy of that metal 
with antimony, it is necessary that it should constitute 20 
parts out of 21 of the alloy; in which case the tin is wholly 
dissolved by boiling with muriatic acid, and the antimony i is 
left untouched.* 


- From a comparison of the resemblances among metals, both 
as to physical and chemical properties, several arrangements 


* Chaudet, Ann. de Chim. et Phys. 111.382. 
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of them have been formed into smaller classes. ‘The circum- 
stance on which a subordinate division of the metals is perhaps 
best founded, is the nature of their relation to oxygen. With- 
out creating more of these subdivisions than are absolutely 
necessary, it appears to me that they may be conveniently ar- 
ranged under the following heads :— 

Crass I. Merats, THAT AFFORD OXIDES, WHICH CANNOT 
BE REDUCED TO A METALLIC FORM WITHOUT THE ADDITION 
OF COMBUSTIBLE MATTER. i 

Crass II. METALS, THE OXIDES OF WHICH ARE DECOM- 
POSED BY HEAT ONLY. , 

_ J. Tue First crass, which have been termed base metals, 
to distinguish them from the noble or perfect, may be again 
sub-divided as follows :— 

1. Metals that are either known from experiment, or be- 
lieved from analogy, to absorb oxygen at high degrees of 
heat, and to decompose water at common temperatures. ‘The 
metals that have been actually ascertained to produce these 
effects, are six, viz. 

Potassium, 

Sodium, 

Lithium, 

Calcium, 

Barium, and 

Strontium. | 

There is a striking resemblance, also, between the proper- 
ties of the oxides of these metals. ‘Those of potassium, 
sodium, and lithium, are readily soluble in water; have a 
peculiar acrid taste; change certain blue vegetable colours to 
green, and some yellow ones to brown; neutralize acids, form- 
ing salts which, for the most part, are easily soluble; and, from 
these similarities, have been classed together under the name of 
ALKALIS.. With these oxides, those of calcium, barium, and 
strontium agree so nearly, that they also might, without any 
impropriety, be called alkalis; but, being themselves, as well 
as several of their neutral compounds with acids, less readily 
soluble in water, they have been termed, perhaps without 
sufficient reason, ALKALINE EARTHS, 
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The metals, belonging to this sub-division, which are as yet 
distinctly known to us only when in combination, but which. 
are presumed from analogy to have a similar relation to 
oxygen and water, with those already enumerated, are the 
seven following : 


Magnesium, 
Glucinum, 
Yttrium, 
Aluminum, 
Thorinum, 
Zirconium, and 
Silicium. 


The oxides of these seven metals are sparingly soluble in 
water; have little or no taste; do not afford solutions in water 
which are capable of acting on vegetable blue or brown 
colours; but (silica excepted) unite with acids, and form neu- 
tral salts. They have been hitherto termed EARTHS, or EARTHS 
PROPER; though the grounds of their distinction from other 
metallic oxides are constantly becoming more limited. It has 
been questioned whether one of these bodies, silica, does not, 
as to its powers of combination, exhibit rather the qualities of 
an acid ; and whether its base, which some writers have called 
silicon, can properly be arranged among metals. 

2. The second sub-division includes those metals, which ab- 
sorb oxygen from atmospheric air at high temperatures ; and 
decompose water, but not under a red heat. ‘They are five in 
number, viz. | 


Manganese, 
Zinc, 

Iron, 

Tin, and 


Cadmium. 


The last of these is associated with the others, from the 
agreement of its general properties with those of tin. 

3. Metals of the third sub-division are capable, like the fore- 
going, of absorbing oxygen at high temperatures, but not of de- 
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composing water at any temperature. ‘There are no less than 
fourteen which answer to this description ; viz. 


Arsenic, 

* Molybdenum, 
Chromium, 
Tungsten, 
Columbium, 
Antimony, 
Uranium, 

Cerium, 

_ Cobalt, 
Titanium, 
Bismuth, 
Copper, 
Tellurium, and 


Lead. 


Of these metals, the first five are distinctly acidifiable ; and. 
the nine others are oxidizable only. 

II. THE SECOND CLASS OF METALS, the oxides of which are 
reducible by heat, without the addition of combustible matter, 
are nine in number; viz. 


Mercury, 
Silver, 

Gold, 
Platinum, 
Palladium, 
Rhodium, 
Iridium, 
Osmium, and 


Nickel. 


The three first have been long classed together under the 
name of noble or perfect metals ; and the remaining ones have 
been associated with them, as they have been successively dis- 
covered. Nickel, which was for some time placed among the 
imperfect metals, was removed a few years since into this 
class, after a more accurate investigation of its relation to 
oxygen, 
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CLASS TJ: 


METALS, WHOSE OXIDES ARE NOT REDUCIBLE BY HEAT, 
WITHOUT THE ADDITION OF COMBUSTRBLE MATTER, 


DIVISION I. 


METALS THAT ABSORB OXYGEN FROM ATMOSPHERIC AIR, AND 
DECOMPOSE WATER AT COMMON TEMPERATURES. 


” 


SECTION I. 
Of Potassium. 


Tis metal was discovered by Sir H. Davy in 1807, and 
was obtained from a substance which will be described in this 
section, under the name of potassa. To this discovery and 
many others of a similar kind, that distinguished philosopher 
was led by a train of inductive reasoning, which is not 
surpassed by any investigation in the history of the physical 
sciences. 

From the facts which have been stated in a former sec- 
tion, respecting the powers of electrical decomposition, it 
appeared to be a natural inference, that the same powers, 
applied in a state of the highest possible intensity, might 
disunite the elements of some bodies, which had resisted all 
other instruments of analysis. If potassa, for example, were 
an oxide, composed of oxygen united to an inflammable 
base, it seemed probable, that when subjected to the action 
of opposite electricities, the oxygen would be attracted by the 
positive wire and repelled by the negative. At the same time, 
the reverse process might be expected to take place with respect 
to the combustible base, the appearance of which might be 
looked for at the negative pole. . 

In his first experiments, suggested by these views, Sir H. 
Davy failed to effect the decomposition of potassa, owing to his 
employing the alkali in a state of aqueous solution, and to the 
consequent expenditure of the electrical cnergy in the mere 
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decomposition of water. In his next trials, the alkali was lique- 
fied by heat in a platinum dish, the outer surface of which, im- 
mediately under the alkali, was connected with the zinc or po- 
sitive end of a battery consisting of 100 pairs of plates, each 
six inches square. In this state, the potassa was touched with a 
platinum wire proceeding from the copper or negative end of the 
battery ; when instantly a most intense light was exhibited at 
the negative wire, and a column of flame arose from the point 
of contact, evidently owing to the development of com- 
bustible matter. ‘The results of the experiment could not, 
however, be collected, but were consumed immediately on 
being formed. 

The chief difficulty in subjecting potassa to electrical action 
is, that in a perfectly dry state it is a complete non-conductor 
of electricity. When rendered, however, in the least degree 
moist by breathing on it, it readily undergoes fusion and de- 
composition, by the application of strong electrical powers. 
For this purpose, a piece of potassa, weighing from 60 to 70 
grains, may be placed on a small insulated plate of platinum, 
and may be connected, in the way already described, with the 
opposite end of a powerful electrical battery, containing not 
less than 100 pairs of six inch plates, On establishing the 
connection, the potassa will fuse at both places where it is in 
contact with the platinum. A violent effervescence will be seen 
at the upper surface, arising, as Sir H. Davy has ascertained, 
from the escape of oxygen gas. At the lower or negative sur- 
face, no gas will be liberated; but small bubbles will appear, 
having a high metallic lustre, and being precisely similar in 
visible characters to quicksilver. Some of these globules burn 
with an explosion and bright flame; while others are merely 
tarnished, and are protected from farther change by a white 
film, which forms on their surface.* 

This production of metallic globules is entirely independent 
of the action of the atmosphere; for Sir H. Davy found that 
they may be produced tn vacuo. 


* For the repetition of this experiment, very useful practical direc- 
tions may be found in a paper by Mr. Singer.—Nicholson’s Journal, 
xxiv. 174. The potassa, submitted to electrical action, must of course be 
in the state of solid hydrate. 
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To preserve this new substance, itis necessary to immerse it 
immediately in pure naphtha, :a fluid which will be described 
in a subsequent part’ of the work. If exposed: to the atmo- 
sphere, it is‘ rapidly converted back again into the’ state of 
pure potassa. To prevent its oxidation still more effectually, 
Mr. Pepys has proposed’ to produce it under naphtha; and 
has contrived an ingenious apparatus for this purpose, which 
is described in the 31st volume of the Philosophical Magazine, 
page 241. | 

Nothing then can be more satisfactory than the evidence 
furnished by these experiments, of the nature of one of the 
fixed alkalis. By the powerful agency of opposite electrici- 
ties, it is resolved into oxygen and a peculiar base.* This 
base, like other combustible bodies, is repelled by positively 
electrified surfaces, and attracted by negative ones ; and hence 
its own natural state of electricity must necessarily be po- 
sitive. Again, by uniting with oxygen, it is once more 
changed into alkali, either slowly: at ordinary temperatures ; 
or with heat and light, at high temperatures. We have 
the evidence, therefore, both of analysis and synthesis, that 
potassa is acompound of oxygen with a peculiar inflammable 
basis. 

In assigning to this newly discovered substance a fit place _ 
among:the objects of chemistry, Sir H. Davy was induced to 
class it among the metals, because it agrees with them in opacity, 
lustre, malleability, conducting powers as to heat and electri- 
city, and in its qualities of chemical combination. ‘The only 
property, which can be urged against this arrangement, is its 
extreme levity, which even exceeds that of water. But when 
we compare the differences which exist among the metals 
themselves, this will scarcely be considered as a valid objec- 
tion. ‘Tellurium, for example, which: no chemist hesitates to 
consider asa metal, is‘only about six times heavier than the 
base of potassa, while it is four'times lighter than platinum ; 


* The proportions of oxygen and base in each will be stated at the end of 
the articles Potassium. and Sodium. 
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thus forming a sort of link between the old metals and the 
bases of the alkalis. ; 

In giving names, therefore, to the alkaline bases, Sir H. Davy 
has adopted that termination, which, by common consent, has 
been applied to other newly discovered metals, and which, 
though originally Latin, is now naturalized in our language. 
The base of potassa he has called porassium, and the base of 
soda sopIuM; and these names have met with universal ac- 
ceptation among chemical philosophers. 


* 


Process for preparing Potassium. 


It is not, however, by electrical means only that the decom- 
position of potassa has been accomplished. Soon after Sir 
H. Davy’s discoveries were known at Paris, Messrs. Gay 
Lussac and Thenard* succeeded in their attempts to decom- 
pose both the fixed alkalis, without the aid of a Voltaic ap- 
paratus, merely by the intervention of chemical affinities. 
Their process, though it affords the alkaline bases of less 
purity, yields them in much larger quantity than the elec- 
trical analysis, viz. to the amount of nearly 400 grains by 
one operation. It consists in bringing the alkalis into 
contact with intensely heated iron, whicb, at this tempera- 
ture, attracts oxygen more strongly than the alkaline base 
retains it. Lone 

The apparatus, used for obtaining potassium, has a general 
resemblance to that which is employed for decomposing water 
by means of iron. It consists of a gun-barrel curved as in the 
annexed sketch, which is copied from Thenard’s Traité de 
Chimie. At one end the barrel is drawn out to rather a smailer 
diameter ; and, before being used, it is to be covered between 
B and F with a lute ofinfusible clay, which should be suffered 
to dry thoroughly. Into the barrel between F and B, clean 
iron turnings are to be introduced, and between A and B 
pieces of solid hydrate of potassa. A tube of safety is to be 
luted to the end A, and is to be immersed in mercury in the 


* Annales de Chimie, Ixv. 325; or Mémoirs d’Arcueil, ii. 299. 
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glass vessel M. To the smaller end of the barrel, a short 
piece of copper tube, G, is accurately ground, and to this 
last a small copper receiver, H, destined to collect the potas- 
sium, is fitted by grinding. To the other end of H, a 
tube of safety, I, is to be luted, and made to dip into mercury 
contained in the vessel L, but to a less depth than the safety 
tube M. 

A strong heat is now to be raised in the furnace, and, while 
this is doing, the part of the barrel containing the potassa, as 
well as the end IF’, and the attached copper tube and receiver, 
should be kept cool by wet cloths. If gas now issues abun- 
dantly through the safety tube I, the junctures may be con- 
cluded to be tight. When the barrel has become white hot, 
the potassa may be melted by burning charcoal contained in a 
moveable cage K. It will then flow upon the intensely ignited 
iron turnings, and a large quantity of hydrogen gas, holding 
some potassium in solution, will issue through the safety tube, I. 
The cage may now be removed for a short time; and, when 
the production of gas slackens, it may be restored to its place. 
These operations may be repeated alternately till no more gas 
is evolved; after which the heat in the furnace should be made 
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as intense as possible, in order to drive off some of the potas- 
sium which strongly adheres to the iron turnings. If the 
escape of gas through I should at any time cease during the 
operation, and take place through M, this will probably be 
owing to a lodgement of potassium at the end, F, of the barrel, 
from which it may be melted into the copper receiver, by 
holding a little red-hot charcoal under the part where’ it 
has condensed. ‘The principal difficulty, in the process of 
decomposing potassa, is to excite sufficient heat without melt- 
ing the gun-barrel; and to this object the attention of the ope- 
rator must be carefully directed, throughout the whole mani- 
pulation. 

_ At the close of the operation, as soon as the vessels G and 
H are sufficiently cool, they are to be removed, then filled 
with naphtha, emptied again, and quickly stopped with corks. 
As a portion of potassium generally remains in the end F, the 
barrel should also be plugged by an iron stopper provided for 
the purpose. When sufficiently cold it may be removed from 
the furnace, and a little naphtha be: passed through it. The 
potassium must be detached in as large pieces as possible from 
the barrel, and from the copper receiver, and be kept under 
rectified naphtha in a well-stopped vial. 

When the iron turnings are very clean, the potash yery 
dry and pure, and the whole apparatus free from, foreign 
matters, the metal produced differs very little from that ob- 
tained by a Voltaic battery. Its lustre, ductility, and malle- 
ability are similar. Its point of fusion and _ specific. gravity, 
however, are a little ‘higher ; for it requires nearly 130° Fahr. 
to render it perfectly fluid, and is to water as 796 to 1000 at 
60° Fahrenheit. ‘This Sir H. Davy ascribes to contamination 
with a minute proportion of iron. The affinities, indeed, by 
which the decomposition is produced, he supposes to be those 
of iron for oxygen, of iron for potassium, and of potassium for 
hydrogen. : | 

Charcoal, it has been asserted by Curaudau,* may be em- 
ployed, also, for the decomposition of the alkalies. ‘To ensure 


.* Nicholson's Journal, xxiv.37,. 
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success in the process, great attention, it appears, is necessary 
to the manipulations, which are fully described in the memoir 
ofthe inventor. The fact sufficiently explains an observation 
of Professor Woodhouse.* A mixture of half a pound of 
soot and two ounces of pearlash was exposed, for ‘two hours, 
in a covered crucible to an intense heat. When the mixture 
became cold it was emptied upon a plate, and a small quantity 
of water poured upon it, when it immediately took fire. This 
could only be owing to the conversion of part of the potassa 
into potassium. 


Properties of Potassium. 


I. The base of potassa, at 70° Fahrenheit, exists in small 
globules, which possess the metallic lustre, opacity, and gene- 
ral appearance of mercury ; so that when a globule of mercury 
is placed near one of potassium the eye can discover no differ- 
ence between them. At this temperature, however, the metal is 
only imperfectly fluid; but, when gradually heated, it becomes 
more and more fluid ; and at 150° Fahr. its fluidity is so perfect, 
that several globules may easily be made to run into one. 

By reducing its temperature, potassium becomes, at 50° 
Fahrenheit, a soft and malleable solid, which has the lustre of 
polished silver. It is soft enough, indeed, to be moulded by 
the fingers like wax, but should be covered by a film of naphtha 
to prevent it from taking fire. At about the freezing point of 
water, it becomes hard and brittle, and exhibits, when broken, 
a crystallized texture, which, in the microscope, seems .com- 
posed of beautiful facets of a perfect whiteness and high me- 
tallic splendor. 

To be converted into vapour, it requires a temperature ap- 
proaching that of a red heat; and, when the experiment is 
conducted under proper circumstances, it is found unaltered 
after distillation. 

IJ. Potassium is a perfect conductor both of electricity and 
of heat. wea 

III. Its specific gravity at 60° Fahrenheit, making some 
allowance for unavoidable errors in the experiment, is, accord- 


* Nicholson’s Journal, xxi. 290. 
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ing to Gay Lussac and Thenard, 0.865. Bucholz states it 
at 0.876, and Sir H. Davy, in general terms, at between .§ and 
-9, water being considered as 1. 

IV. At the temperature of the atmosphere, potassium acts 
on oxygen gas, even when the gas is deprived of its hygrome- 
trical moisture; but to produce its full effect it is necessary 
that it should be in thin flattened pieces, as it soon becomes 
covered with a coating of oxide which protects the mass be- 
neath from further action. If heated nearly to redness, or to 
Its point of vaporization, it burns with a brilliant white flame 
and a very intense heat. 

V. Potassium appears to be susceptible of different degrees 
or stages of oxidizement. Istly, By heating it to a point, 
‘below what is necessary for its inflammation, either in common 
air or oxygen gas; or (which is still better), by confining it, 
for some days, in an empty phial loosely corked, a substance 
is formed of a bluish grey colour, softer than wax, and readily 
fusible. This substance takes fire in oxygen gas, or even 
common air, at about 70° Fahrenheit, and acts on water, 
giving out hydrogen, but in less quantity than is extricated by 
potassium. It isnow, however, generally considered not as a 
distinct oxide, but a mixture of that which is next to be des- 
cribed with metallic potassium. 

2, The true protoxide of potassium is best obtained by the 
action of potassium on water. This is attended with some 
striking phenomena. When potassium is thrown upon water 
exposed to the atmosphere, or when it is brought into con- 
tact with a drop of water, it decomposes the water with great 
violence; an instantaneous explosion is produced with a vehe- 
ment flame; and a solution of pure potassa is the result. “The 
hydrogen gas, which is disengaged, appears to dissolve a portion 
of potassium; for, on escaping into the air, it forms a white 
ring of smoke, gradually enlarging as it ascends, like the bi. 
phosphureted hydrogen gas. 

When water is made to act on the base of potassa, atmo- 
spheric air being excluded, there is much heat and noise, but 
no luminous appearance; and the gas evolved is pure hydro- 
gen. Each grain of potassium, by acting on water, detaches 
about 1.06 cubic inch of hydrogen gas. 
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- Ifa globule of the base of potassa be placed on ice, it in- 
stantly burns with a bright flame, and a deep hole is made in 
the ice, filled with a fluid which is found to be a solution of 
potassa. | 
The production of alkali, by the action of water on potas- 
sium, is most satisfactorily shown, by dropping a globule of 
the metal upon moistened paper, which has been tinged with 
turmeric. At the moment when the globule comes into con- 
tact with the paper, it burns, and moves rapidly, as if in 
search of moisture, leaving behind it a deep reddish brown 
trace, and acting upon the paper exactly like dry caustic 
potassa. So strong, indeed, is the affinity of potassium for 
oxygen, that it discovers and decomposes the small quantities 
of water contained in alcohol and ether, even when carefully 
purified, and disengages, from both these fluids, hydrogen gas. 
On naphtha, colourless and recently distilled, potassium has 
very little power of action; but in naphtha, which has been 
_.exposed to the air, it soon oxidates, and alkali is formed. 
‘This unites with the naphtha into a brown soap, that collects 
round the globules. | 


Potassa.— Hydrate of Potassa.— Peroxide. 


It was important to determine the proportions, in which 
potassium and oxygen unite when potassa is regenerated. ‘This 
Sir H. Davy investigated by two different processes. ‘The 
one consisted in ascertaining how much oxygen gas is ab- 
sorbed by a known weight of potassium: the other, how much 
hydrogen is disengaged from water by that metal; and dividing 
the evolved hydrogen gas by 2, he learned the quantity of 
oxygen which had been abstracted from the water. By the 
united evidence of these methods of investigation, he deter- 
mined that 75 parts of potassium, to become potassa, absorb 
15 parts by weight of oxygen, a result which coincides very 
nearly with that of Gay Lussac and Thenard, who found that 
100 of potassium combine with 19.945, or, in whole numbers, 
with 20 of oxygen. Hence potassa contains 


Potassium! o. 0c ec cee OSSk 
Oxygen e®eseeoeeeeG ov eevee 16.66 


100. 
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And 15:75 %: 8:40: potassa, therefore, is constituted of 1 
atom of potassium = 40, + 1 atom of oxygen = 8; and its 
representative number is 48. 

This, however, applies to potassa, only when perfectly pure, 
and free from water. In this state it is white, extremely caus- 
tic, turns the syrup of violets green; is fusible a little above 
a red heat; is deliquescent, and therefore very soluble in 
water; when heated in oxygen gas absorbs.a farther propor- 
tion of oxygen, and from the state of protoxide passes to 
that of the orange-coloured peroxide. 

The precise nature of the orange-coloured compound was 
first explained, and its properties examined, by Gay Lussac 
and Thenard. It is fusible at a lower heat than hydrate of 
potassa, and crystallizes in lamine by cooling. When 
thrown into water, oxygen gas is evolved, and it passes tothe 
state of protoxide. The same change occurs by exposing it 
on a platinum tray, coated with fused chloride of potassium, 
to a heat considerably above that at which it was produced. 
It is constituted of 1 atom of potassium = 40, + 3 atoms of 
oxygen = 24, and its representative number is 64. 

Potassa, as generally obtained by chemical operations, is not 
the pure protoxide, but is intimately united with a certain pro- 
‘portion of water. The credit of this discovery is due to 
Darcet, who has established. his claim to it very satisfactorily. 
The solid hydrate of potassa appears to be constituted of an 
atom of protoxide = 48, + an atom of water = 9, and its equi- 
valent number, therefore, is 57. Hence 100 parts of hydrate 
of potassa will contain very nearly 


Protoxide of potassium eoeoevee oe eee ee 84 
NIVACOI stelle te tore cle ieee etatee 16 


100 


Hydrate of potassa may be prepared as follows. Dissolve 
any quantity of American or Dantzic pearlash in twice its 
weight of boiling water; or, if the alkali be required particu- 
larly pure, substitute carbonate of potassa, which has been 
prepared by burning a mixture of one part of pure nitre with 
two of super-tartrate of potassa. Add this solution to an equal 
weight of fresh burned quick lime, first slaked to a fine powder, 
and then diffused through water sufficient to render the mix- 
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ture quite fluid. Boil these ingredients in an iron kettle, and 
continue stirring for half an hour. Then separate the liquid 
alkali, either by subsidence, or by straining through calico, 
and boil it to dryness in a silver dish. Put the dry mass into 
a bottle, and pour upon it as much pure alcohol as is neces- 
sary to dissolve all that is soluble in that fluid. ‘Then decant 
the alcoholic solution of potassa, and distil off the alcohol, in 
an alembic of pure silver fitted with a glass head. (See pl. I. 
fig. 2.) Pour the alkali, when in fusion, upon a silver dish, and, 
as soon as cold, break it into pieces, and preserve it in well- 
stopped vials. If the whole of the alcohol be not thus separat- 
ed, the hydrate of potassa will shoot, on cooling, into regular 
crystals. I‘or common purposes, it is sufficient to boil down 
the watery solution, and to fuse the residue; and thus pre- 
pared, especially when procured from nitre and tartar, it is 
sufficiently pure for affording potassium. In all accurate ex- 
periments, however, it is necessary to employ hydrate of 
potassa which has been purified by alcohol. 

From the electro-chemical researches of Sir H. Davy, it 
appears that potassa is not completely deprived of carbonic 
acid by any process hitherto employed for its preparation 
It is probable that the method suggested by Darcet, of remov- 
ing the last portions of carbonic acid from the alkaline solu- 
tion, after the action of quicklime, by adding solution of 
barytes, would be found effectual. The potassa is apt, during 
the concentration in the alembic, to act upon the alcohol, and 
disengage a portion of charcoal; and to dissolve, also, a minute 
quantity of silver. 

The solution of hydrate of potassa has, when concentrated, 
an intensely acrid taste, and destroys the texture of animal 
and vegetable substances. It changes the colour of the violet 
to green; neutralizes acids without effervescing with them; 
renders oils miscible with water; and dissolves resins. Hence 
it is powerfully detergent. 

It is often of importance to know the quantity of real po- 
tassa contained in solutions of different specific gravities. For 
this purpose, the following Table has been constructed by 
Mr. Dalton. The first of the liquid compounds is. that, con- 
taining 1 atom of potassa + 2 atoms,of water. 
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Table of the Quantity of Real Potassa in watery Solutions of 
different Specific Gravities. 


Atoms of ea Sa Specific |Congealing| Boiling 
pot. water. by weight. |by measure, Gravity. point. point. 
1 + 0/100 94.0 2.4 unknown.|unknown. 
1+ 1 84 185 2.2 1000° | red heat. 
1+ 2 72.4: 145 2.0 500° 600° 
1+ 31. 63.6 119 1.88 340° 420° 
1. + 4 1 568 101 1.78 920° 360° 
1+ 5 51.2 86 1.68 150° 320° 
14.6) 46.7 75 1.60 100° 290° 
PHeiny ord 65 1.52 70° 276° 
i+ 8] 39.6 58 1.47 50° 265° 
1 +.9.) :36.8 53 1.44 40° 255° 
1 +10! 34.4 49 1.42 _ 246° 
32.4 A5 1.39 — 94.0° 
29.4 4.0 1.36 264° 
26.3 3 19g toy 229° 
93.4) 30 12 994° 
19.5 25 1.23 2o05 
16.2 20 1.19 218° 
13 15 1.15 215° 
9.5 10 se 914° 
A] 5 1.06 es bn 


Chioride of Potassium. 


When potassium is heated in chlorine gas, it burns much 
more vividly than in oxygen; each grain absorbs 1.1 cubic 
inches of the gas, and a neutral compound is formed, which 
is a true chloride of potassium. The same compound is 
formed by heating potassium in muriatic acid gas, for in this 
case the gas is decomposed into chlorine, which unites with 
the metal, and hydrogen, which is liberated in a gaseous state. 
It may also be procured by dissolving either hydrate or car- 
bonate of potassa in muriatic acid, and evaporating the solu- 
tion to perfect dryness. In the first instance, muriate of 
potassa is formed, which, by the subsequent application of 
heat, is converted into chloride of potassium ; the hydrogen of 
the muriatic acid uniting with the oxygen of the potassa, and 
forming water which is volatilized. 
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According to Sir H. Davy, chloride of potassium is con- 
stituted of 75 potassium + 67 chlorine, proportions which 
nearly agree with those stated by Gay Lussac, viz. 111.31 
potassium + 100 chlorine. Hence it. is composed of 1 atom 
of potassium, = 40, + 1 atom of chlorine = 36, and its equi- 
valent number is 76. One hundred grains, according to Ber- 
zelius, when dissolved in water, and decomposed by nitrate 
of silver, yield 192.4 of fused chloride of silver, formerly called 
luna cornea. 
~ When chloride of potassium is dissolved in water, a double 
elective affinity is supposed to operate; water is decomposed ; 
its hydrogen, uniting with the chlorine, composes muriatic 
acid ; and the oxygen of the water, being transferred to the 
potassium, constitutes potassa. ‘The acid and alkali together 
form muriate of potassa. By evaporating the solution, — 
crystals are again obtained of chloride of potassium. These 
crystals are cubical, have a bitter disagreeable taste; undergo 
little change when exposed to the air; and when suddenly 
heated to redness decrepitate, with a very trifling loss of 
weight, arising from the escape of a little water. They are 
soluble in three times their weight of water at 60° Fahr. and 
in a rather less proportion of boiling water. 

Considered as muriate of potassa (in which state this salt 
must always exist when in watery solution), it may be regard- 
ed as constituted of an atom of muriatic acid 37, and an atom 
of potassa 48, and its representative number is 85. Under 
this view, it is constituted of 


sage 9 Bin TORII Oc) | eyes 36.57 
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100. 
Iodide of Potassium. 


This compound may be formed, by heating potassium in a 
tube of green glass with an excess of iodine. At the moment 
of combination light appears, which, being scen through the 
vapour of iodine, has a purple hue. 

Iodide of potassium enters into fusion, and is volatilized: at 
a heat below redness. It dissolves readily in water, which, 


~ 
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during solution, it decomposes, forming a neutral hydriodate 
of potassa. It is constituted of 1 atom of potassium = 40, + 
1 atom of iodine = 125, and its representative number is 165 ; 
100 of potassium are combined, therefore, with 319 of iodine 


Potassium with Simple Acidifiable Bodies. 


With hydrogen, it forms two compounds, the one gaseous, 
the other solid. The first results from the action of potas- 
sium on water, the hydrogen of which, while in a nascent state, 
dissolves a portion of the metal. -It may, also, as appears 
from Sir H. Davy’s experiments, be formed, directly, by 
heating the metal in hydrogen gas. A large portion of 
potassium is thus dissolved; but the greater part precipitates 
on cooling. 

This gas is spontaneously inflammable in the atmosphere ; 
burns with a very brilliant light, which is purple at the edges ; ~ 
and throws off dense vapours of potassa. It loses its inflam- 
mability by keeping; is heavier than hydrogen gas; and is 
very dilatable by electricity. Besides the gas, which is spon- 
taneously combustible, there is also, according to Sementini, 
another compound of potassium and hydrogen, which is not 
possessed of this property, and probably contains a less pro- 
portion of the combustible metal. 

Gay Lussac and Thenard* have succeeded, also, in form- 
ing a solid compound of potassium and hydrogen. The 
process consists in heating the metal in hydrogen gas; and 
the only difficulty is to regulate the heat, for a high tempe- 
-rature decomposes the compound. The flame of a spirit 
lamp, applied to potassium, in a retort filled with hydrogen 
gas, occasions an absorption of the gas, and the formation of 
a solid hydruret of potassium. 

The colour of this. substance is grey; it is destitute of me- 
tallic lustre; and is infusible. It is not inflammable, either in 
air or in oxygen gas at common temperatures, but burns vi- 
vidly at a high one. When strongly heated ina close vessel, 
it is totally decomposed; all the hydrogen it contains is libe- 
rated in the state of gas; and the potassium remains. When 


* Recherches, i. 176. 
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' brought into contact with heated mercury, hydrogen gas is 
evolved, and an amalgam of potassium and mercury is pro- 
duced. 

Nitrogen gas has not, at any temperature, any action on 
potassium. | 

Potassium with Sulphur.—When sulphate of potessa is de- 
composed by hydrogen gas or by charcoal at a red heat, the 
residue is a compound of sulphur and potassium. It is diffi- 
cult to obtain it perfectly pure, for it acts both on glass and 
on platinum. When prepared in glass, it has'a pale cinna- 
bar colour, and a crystalline fracture; fuses at a heat’ below 
redness; and then becomes dark and opaque. It attracts 
moisture from the air, and dissolves into a yellowish fluid, 
which, when diluted with water, becomes colourless. This 
appears to bea sulphuret of the first degree of sulphura- 
tion. 

By fusing sub-carbonate of potassa with double its weight 
of sulphur, out of the contact of air, a sulphuret of potassium 
is formed in which 100 of the metal are united with 207.7 of 
sulphur, which is equivalent to 10 atoms. Varying the pro- 
portions, Berzelius, to whom we owe these facts, obtained 
-sulphurets which he regards as compounds of 1 atom of po- 
tassium with 2, 4, 6, 7, 8, 9, and 10 atoms of sulphur.* 

When potassium is fused with sulphur, in a vessel filled 
with the vapour of naphtha, a rapid combination ensues, ac- 
~ companied with heat and light, and a disengagement of sul- 
phureted hydrogen. The result isa grey sulphuret of potas- 
sium not unlike artificial sulphuret of iron. Its formation 
and properties have been investigated by Vauquelin.t 

The phosphuret of potassium may be formed by fusing potas- 
sium with phosphorus under naphtha. It requires for its 
fusion a stronger heat than either of its constituents. It is of 
the colour of lead ; and, when spread out, has a lustre similar 
to polished lead. By exposure to the air, or by rapid com- 
bustion, it forms phosphate of potassa. Besides this, there is, 
also, a chocolate coloured compound of potassium and: phos 


* Annals of Phil, N.S. iv. 284. f Ann. de Chim. et Phys. vi. 29. 
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phorus ; so that it is probable these two bodies unite in differ- 
ent proportions, the Jead coloured compound consisting of 2 
atoms of metal + 1 of phosphorus; and the chocolate of 1 


atom of metal + 1 of phosphorus. 


: Compounds of Potassium with Metals. 


With mercury, potassium gives some extraordinary and beau- 
tiful results. ‘The combination is very rapid, and is effected 
by merely bringing the two metals into contact at the tem- 
perature of the atmosphere. ‘The amalgam, in which the 
potassium is in least proportion, scems to consist of about 1 
part in weight of basis and 70 of mercury. It is very soft 
and malleable; but by increasing the proportion of potassium 
we augment, in a proportional degree, the solidity and brit- 
tleness of the compound... 

The compound of mercury and potassium may be ob- 
tained by an easy and simple process, first pointed out by 
Berzelius. Mercury, to the depth of a line, is put into a 
glass capsule, two inches in diameter, with a flat bottom. 
On this a solution of pure potassa is poured; an iron wire 
connects the mercury with the negative pole of a galvanic 
arrangement, which needs not contain more than 20 pairs of 
plates; and a spiral platina wire, from the positive pole, is 
immersed in the solution, and kept within about a line from 
the surface of the mercury. In six hours, the effect is ob- 
servable, and in 24 is very (listinct; for, in that time, more 
than 1200 grains of mercury will be rendered solid by combi- 
nation with potassium. Unfortunately, this combination can- 
not be so decomposed, as to obtain the potassium in a sepa- 
rate state. 

In this state of division, potassium appears to have its affi- 
nity for oxygen considerably increased. By a few minutes’ 
exposure to the air, potassa is formed which deliquiates, and 
the mercury is left pure and unaltered. When a globule is 
thrown into water, it produces a rapid decomposition and a 
hissing noise; potassa is regenerated; pure hydrogen disen- 
gaged ; and the mercury remains free. 

The fluid amalgam of potassium and mercury dissolves all 
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the metals; and in this state of union, mercury even acquires 
the power of acting on platina. 

Potassium unites, also, with gold, silver, and copper; and, 
when the compounds are thrown into watcr, this fluid is de- 
composed, potassa is formed, and the metals are separated un- 
altered. When the reduction of an ore has been accom- 
plished by the use of fluxes containing potassa, M. Vauquelin 
has shown that the revived metal contains a greater or less 
proportion of potassitm, which modifies its properties. By ex- 
posure to the air, or by the action of water, this impurity may 
‘be removed.* 

Potassium reduces all the metallic oxides when heated 
with them, even of those metals which most powerfully attract 
oxygen, such as oxides of iron. In consequence of this pro- 
perty, it decomposes and corrodes flint and green glass by a 
very gentle heat; potassa is generated with the oxygen taken 
from the metal, which dissolves the glass, and exposes a new 
surface. Ata red heat even the purest glass, formed merely 
of potassa and silex, is acted upon. The alkali in the glass 
seems to give up a part of its oxygen to the potassium, anc 
an oxide of potassium results, with a less proportion of oxy- 
gen than is necessary to constitute potassa. ‘The silica, alse, 
it is probable, is partly de-oxidized. 


Salts of Potassa. 
Chlorate (Hyper-oxy-muriate) of Potassa. 


This salt was discovered by Berthollet. It may be form- 
ed either by the direct mixture of liquid chloric acid. with 
solution of potassa or carbonate of potassa;—or by passing 
chlorine gas, as it proceeds from the mixture of muriate of 
soda, sulphuric acid, and manganese, through a solution o 
«caustic potassa. This may be done by means of Woulfe’s ap- 
paratus, using only one three-necked bottle in addition to the 
balloon. The tube, which is immersed in the aikaline solu- 
tion, should be at least half an inch in diameter, to prevent its 
‘being choked up by any crystals that may form. “Fhe selu- 
tion, when saturated with the gas, may be gently cvaporated, 
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: * Ann. de Chim. et Phys. vil. 32. 
VOL. I. a i 
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and the first products only of crystals are to be reserved for 
use; for the subsequent products consist of common muriate 
of potassa only. 

‘When obtained by the absorption of chlorine by solution 
of potassa, the changes which take place admit of being ex- 
plained as follows... Part of the chlorine may be employed 
in decomposing the water of the alkaline solution, forming, - 
with its hydrogen, common muriatic acid, while another por- 
tion of chlorine unites with the oxygen thus set at liberty ;— 
or the change may consist in the decomposition of potassa, the 
oxygen of one portion of which may be transferred to another 
portion, while the chlorine is partly expended in decomposing 
water and forming muriate of potassa, and partly in forming 
a triple compound of chlorine, oxygen, and per-oxide of po- 
tassium. In this view, chlorate of potassa is constituted of 1 
atom of potassium weighing 40, 1 atom. of chlorine = 36, 
and 6 atoms of oxygen = 48; and its equivalent number is 
the sum of these, viz. 124. " 

Even by the advocates of the simple nature of chlorine, two 

_ different views have been taken of this class of salts. By Gay 
Lussac, the chlorates are considered as compounds of chloric 
acid with alkaline and earthy bases; by Sir H. Davy, they 
are regarded as triple compounds of one atom of chlorine, 
one atom of metallic base, and six atoms of oxygen. But 
chloric acid being, as is deducible from the experiments of 
Gay Lussac, compounded of five atoms of oxygen with one 
atom of chlorine; there is no difference as to the facts, what- 
ever there may be as to their explanation. This will appear 
from the following comparative statement. ; 

According to Davy, : 
) 1 atom of metallic base 
Chlorates consist of 2 1 atom of chlorine 
l 6 atoms of oxygen. 
According to Gay Lussac, 
1 atom of base, ( 1 atom metal 


Chlorates are com-J consisting of 1 atom oxygen. 
posed of 1 atom of chlo- f 5 atom oxygen 
| ric acid 1 atom chlorine. 


It will easily be perceived, on examining these statements, 
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that the same proportions of elements are assigned by both 
philcsophers to the chlorates, and that the only difference is 
as to the manner in which those elements are arranged. 

The chlorate of potassa has the following qualities : 

(a) It has the form of shining hexaedral lamine, or rhom- 
boidal plates. 

(4) One part of the salt requires 17 of cold water for 
solution, but five parts of hot water take up two of the 
salt. 

(c) It is not decomposed by exposure to the direct rays of 
the sun, either in a crystallized or dissolved state. 

(¢) When chlorate of potassa is submitted to distillation in 
a coated glass retort, it first fases, and, on a farther increase of 
temperature, yields oxygen gas of great purity. A hundred 
erains of the salt afford 75 hte fnehies of gas (= about 254 
grains of gas), containing not more-than three per cent. of 
nitrogen gas. Berzelius, from the same quantity, obtained a 
etic larger product of gas, viz. 39.15 grains = 112 or 114 
cubic ‘ices And Gay Lussac found ‘that 100 grains give 
38.88 grains of oxygen, and 61.12 of chloride of potassium, 
containing 28.93 chlorine and 32.19 potassium. . The residue 
of this afatitation , Vauguelin asserts,+ is sensibly alkaline ; from 
whence it should appear that the capacity of saturation is less 
in chlorine than in chloric acid. 

(e) The chlorate of potassa has no power of discharging ve- 
getable colours; but the addition of a little sulphuric acid, by 
setting chlorine at liberty, developes this property. 

(f) The salt is decomposed by the stronger acids, as the 
sulphuric and nitric. This may be proved by dropping a few 
grains of the salt into a little concentrated sulphuric acid. A 
strong smell will arise, and, if the quantities be sufficiently 
EF an explosion will ensue. The experiment should, 
therefore, be attempted with caution. W hen this mixture 
is made at the bottom ofa deep vessel, the vessel is filled with 
euchlorine gas, which inflames sulphuric ether, alcohol, or oil 
of turpentine, when poured into it; and also camphor, resin, 
tallow, elastic gum, &c. (Davy.)—By the action of sulphuric 


* Ann. de Chim. et Phys.v. 175. 9 sf ‘[bid. xev. 101. 
niko 
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acid, regulated as already described, peculiar gaseous com- 
pounds result. 

Muriatic acid, as has already been stated, disengages chlo- 
rine, and the addition of a few grains of the salt to an ounce 
measure of the acid, imparts to it the property of discharging 
vegetable colours. 

(g) Chlorate of potassa exerts powerful effects on inflamma- 
ble bodies. , 

1. Rub two grains into powder in a mortar, and add one 
grain of sulphur. Mix them very accurately, by gentle tri- 
ture, and then, having collected the mixture to one part of 
the mortar, press the pestle down upon it suddenly, and for- 
cibly. A loud detonation will ensue.—Or, if the mixed in- 
gredients be wrapped in some strong paper, and then struck 
with a hammer, a still louder report will be produced. 

2. Mix five grains of the salt with half the quantity of pow- 
dered charcoal in a similar manner. On triturating the mix- 
ture strongly, it will inflame, especially with the addition of a 
grain or two of sulphur, but not with much noise. 

3. Mix a small quantity of sugar with half its weight of the 
salt, and on the mixture pour a little strong sulphuric acid.* 
A sudden and vehement inflammation will be produced. This 
experiment, as well as the following, requires caution. 

4. ‘To one grain of the powdered salt, in a mortar, add 
about halfa grain of phosphorus. The phosphorus will deto- 
nate, on the gentlest triture, with a very loud report. The 
hand should be covered with a glove in making this experi- 
ment, and care should be taken that the phosphorus, in an 
inflamed state, does not fly into the eyes.—Phosphorus may 
also be inflamed under the surface of water by means of this 
salt. Put intoa wine glass, one part of phosphorus with two 
of the salt; fill it nearly with water, and pour in, by means 
of a glass tube, reaching to the bottom, three or four parts of 
sulphuric acid. ‘The phosphorus takes fire, and burns vividly 


—— a 


* A mixture of this kind is the basis of the matches, now gcnerally used 
~ for the purpose of procuring instantaneous light. The bottle, into which 
they are dipped, contains concentrated sulphuric acid, which is prevented 
from escaping by a quantity of finely spun glass or the fibres of atnianthus. 
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under the water. This experiment too requires caution, lest the 
inflamed phosphorus should be thrown into the eyes. (Davy.) 
Oil may also be thus inflamed on the surface of water, the ex- 
periment being made with the omission of the phosphorus, 
and the substitution of a little olive or linseed oil. 

5. Chlorate of potassa may be substituted for nitre in the 
preparation of gunpowder, but the mixture of the ingredients 
requires extreme circumspection, on account of their liability 
to explode by trituration. It may be proper also to state, that 
this salt should not be kept mixed with sulphur in consider- 
able quantity, such mixtures having been known to detonate 
spontaneously. 


Per-chlorate of Potassa. 


This salt may be formed by mixing one part .of powdered 
chlorate of potassa with three of sulphuric acid, and exposing 
the mixture to heat till it turns white, when we obtain a 
mixture of bi-sulphate and. per-chlorate of potassa. ‘The for- 
mer, being much more soluble than the latter in cold water, 
their separation may be effected by solution and crystallization. 

Per-chlorate of potassa does not change vegetable colours. 
It requires more than 50 times its weight of water at 60° for 
solution ; and crystallizes by evaporation in lengthened oc- 
tohedrons. Distilled at 280° Fahr. with an equal weight 
of sulphuric ‘acid, it yields per-chloric acid. When heated 
per se to 412°, oxygen is evolved and chloride of potassium 
remains. It is constituted of 1 atom of per-chloricacid = &6, 
- + 1 atom of potassa = 45, and its representative number is 
therefore 131. 


 Iodate and Hydriodate of Potassa. 


Both these salts are formed by agitating iodine with a solu- 
tion of potassa; water is decomposed, and gives origin to a 
very soluble hydriodate and a difficultly soluble iodate. ‘The 
latter may be purified by being washed first with a little water, 
and afterwards with alcohol sp. gr. .820, which removes the 
hydriodate. The iodate remains in small white and granular 
crystals. | 

When projected on red-hot coals, iodate of potassa burns 
like saltpetre; 100 parts heated in a retort give 22.59 oxygen 
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gas, and 77.41 iodide of potassium. It requires for solution 
134 parts of water at 60° Fahr. It is constituted of 22.246 
potassa and 77.754 iodic acid. . 
Hydriodate of Potassa is deliquescent, and consequently 
very soluble. It is constituted of 100 hydriodic acid + 37.426 
potassa. By crystallization, or simple desiccation, it is changed 
into iodide of potassium, which is easily fused and volatilized 


without change at a red heat. 


Nitrate of Potassa. 


A direct synthetic proof of the composition of this salt 
may be obtained by saturating nitric acid with potassa, either 
pure or in a carbonated state. “The solution, on evaporation, 
yields crystals of nitrate of potassa, or nitre. 

For the purposes of experiment, however, the nitrate of 
potassa, which may be purchased in the shops under the 
name of nitre or saltpetre, and which is an abundant product 
of nature, may be employed on account of its greater cheap- 
ness. The nitre, which is met with as an article of commerce, 
is brought to this country, chiefly from the Kast Indies. When 
it arrives it is.a very impure salt, containing, besides other 
substances, a considerable proportion of muriate of soda. In 
this state it is called rough nitre. Tor the purposes of che- 
mistry, it requires to be purified by solution in water and 
re-crystallization ; and it. then obtains the name of refined 
nitre, or refined saitpetre. . 

This salt has the following properties: 

(a) It crystallizes in prismatic octahedrons, generally con- 
stituting six-sided prisms, terminated by two-sided summits. 

The composition of nitrate of potassa has been differently 


stated: 
Acid. Base. 


100 parts, according to. Kirwan, contain 45.92 .. 54,08. 
‘Riehtetyih vshilv bel o4 0-538 
-———— Berard ...... 51.36... 48.64 
—————_————— Wollaston .... 53.33 .. 46.67 
———_—__————. Ure............. 53... 47. 
a Thomson .... 54:34... 45.66 


Taking the result, adopted by Dr. Wollaston in fixing 
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its number on the scale of equivalents, we shall find rea- 
son to believe that it is constituted of 1 atom of nitric acid 
= 54, + 1 atom of potassa = 48; and its equivalent there- 
fore is 102. But as the atom of acid contains 5 atoms of 
oxygen and 1 of nitrogen, and the atom of potassa 1 of 
oxygen and 1 of potassium, we find in all six atoms of oxy- 
gen, weighing 48, in each atom of nitrate of potassa. 

(4) For solution, it requires seven times its weight of water 
at 60° of Fahrenheit; and boiling water takes up its own 
weight. ‘This is the degree of solubility assigned by Berg- 
man; but La Grange asserts, that, at the ordinary tempera= 
ture, nitrate of potassa requires only three or four times its 
weight of water for solution; and half its weight of boiling 
water.* With the addition of common salt it becomes con= 
siderably more soluble. 

(c) By the application of a moderate heat it fuses, and 
being cast in moulds, forms what is called Sal Prunelle, 
After fusion, Sir H. Davy found that it still yielded water, 
when distilled with boracic acid, though Berzelius asserts 
that nitre contains essentially no water. 

(d) If a red-héat be applied, nitrate of potassa is decom= 
posed in consequence of the destruction of its acid. By dis— 
tilling it in an earthen retort, or in a gun-barrel, oxygen gas 
may be obtained in great abundance, one pound of nitre 
yielding about 12,000 cubic inches, of sufficient purity for 
common experiments, but not for purposes of accuracy. 

(e) Nitrate of potassa, that has been made red-hot, seems 
to contain an acid less highly oxygenated than the nitric 
acid, and having a weaker affinity for alkalis. For if acetic 
acid be poured on nitre that has been thus treated, the nitrous 
acid is expelled in red fumes, whereas common nitre is not at 
all affected by. acetic acid. 

(f) Nitrate of potassa is rapidly decomposed by charcoal 
in a high temperature. ‘This may be shown, by mixing twa 
parts of powdered nitre with one of powdered charcoal, and 
setting fire to the mixture in an iron vessel under a chimney.— 
The products of this combustion, which may be collected by 


* Manuel, 1st edition, i. 243. 
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a proper apparatus, are carbonic acid and nitrogen gases. 
Part of the carbonic acid also remains attached to the resi- 
duary alkali, and may be obtained from it on adding a 
stronger acid. This residue was termed, by the old chemists, 
clyssus of nitre. 

(g) Nitrate of potassa is also decomposed by sulphur, and. 
with different results, according to the tem penantiee and pro= 
portions employed. ° 

1. Mix powdered nitre and sulphur, and throw the mix- 
ture, by a little at a time, into a red-hot crucible. The sul 
phur will unite with the oxygen of the nitric acid, and form 
sulphuric acid; which, combining with the potassa, will afford 
silphate of potassa. ‘The production of the latter salt will be 
proved by dissolving the mass remaining in the crucible, and 
crystallizing it, when a salt will be obtained exhibiting the 
characters of the sulphate. ‘ 

2. Mix a portion of sulphur with one sixth or one eighth: 
its weight of nitrate of potassa; put the mixture into a tin 
cup, and raise it, by a proper stand (fig. 25), a few inches 
above the surface of water, contained in a flat shallow dish. 
Set fire to the mixture, and cover it witha bell-shaped re- 
ceiver. In this case, also, sulphuric acid wiil be formed ; but. 
it will not combine, as before, with the alkali of the nitre,. 
which alkali is present in sufficient quantity to absorb only a 
part of the acid produced, ‘The greater part of the acid will 
be condensed on the inner surface of the glass’ bell, and by 
the water, which will thus become intensely acid. The ope- 
ration may be repeated three or four times, using the same 
portion of water. When the water is partly expelled, by eva- 
poration in a glass dish, concentrated sulphuric acid remains.. 

{h) A mixture of three parts of powdered nitre, two of 
carbonate of potassa, or common salt of tartar, and one part. 
of sulphur, all accurately mixed together, forms the fulmi- 
mating powder, which explodes with a loud noise, when laid 
on an iron heated below redness. 

-{2) A mixture of five parts of powdered nitre, one part of 
sulphur, and one of powdered charcoal, composes gunpowder. 
ahe materials are first very finely powdered separately, then. 
mixed up together, and beaten with a wooden pestle, a suffi- 
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cient quantity of water being added to prevent an explosion. 
The mixture is afterwards granulated, by passing through 
sieves, and dried very cautiously.* AS 95 
| 
Carlonale of Potassa. 


Carbonate or Sub-carbonate.x—The simplest mode of show- 
ing the absorption of carbonic acid by potassa, is* the fol- ° 
lowing: Fill a common phial with carbonic acid gas over 
water; and when full, stop it by applying the thumb. ‘Then 
invert the bottle in a solution of pure potassa contained in a 
cup, and rather exceeding in quantity what is sufficient to fill 
the bottle. The solution will rise into the bottle, and if the 
gas be pure, will fillit entirely. Pour out the alkaline liquor, 
fill the bottle with water, and again displace it by the gas. 
Proceed as before, and repeat the process several times. It will 
be found, that the solution will condense many times,its bulk of 
the gas; whereas water combines only with its own volume.. 

This experiment may be made, in a much more striking 
manner, over mercury, by passing into a jar, about three 
fourths filled with this gas, a comparatively small bulk of a 
solution of pure potassa, which will condense the whole of a 
large quantity of the gas. If dry hydrate of potassa be sub- 
stituted in this experiment, no change will ensue ; which proves 
that solution is essential to action of alkalis on this gas. A 
solution of potassa, which has condensed all the carbonic acid 
it is capable of absorbing, when evaporated to dryness, affords 
sub-carbonate, or, more properly, carlonate of polassa. . 

The composition of this salt is differently stated by chemi- 


cal writers, viz. 


Acid. Base. 
According to Dalton 100 grains consist of 31.10. .68.9 
Dulong'. 160.8 HE) FH T°SOKIOY 6980 
——— Dr. Wollaston .J.). 20. 8171 168529 
Vauquelin 2d). BSI ETF 
te Berard: Sy. FEO Ea 79'F . 70.21 


ee eee ee 


The proportions of 31.71 to 68.29 agree very nearly with 
the notion, that the carbonate of potassa is constituted of am 


* On the preparation of gunpowder, and the theory of its detonation, 
consult Nicholson’s Journal, xxiii. 277. 
t+ Ann, de Chim. et Phys. v. 25. 
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atom of carbonic acid, weighing 22, and an atom of potassa, 
weighing 48; and that the weight of its atom is 70. The 
affinity of carbonic acid for potassa, though apparently feeble, 
is in reality very strong; since it has the power of expelling 
from potassa the whole of the water, which that alkali con- 
tains in the state of a hydrate; for dry carbonate of potassa 
contains no water. 

The solution of carbonate of potassa will be found to have 
a much milder taste than the pure alkali, and no longer to 
destroy the texture of woollen cloth; but it still turns to green 
the blue infusion of vegetables, In the pure alkaline solution, 
no remarkable change ensued on mixing it with diluted sul- 
phuric acid; but if that, or almost any other acid, be now added, 
a violent effervescence will ensue, arising from the escape of the 
gas that had been previously absorbed. If the mixture be made 
in a gas bottle, the gas, that is evolved, may be collected, and 
will be found to exhibit every character of carbonic acid. 

For experimental purposes, carbonate of potassa may be ob- 
tained from crystals of tartar (bi-tartrate of potassa) calcined 
in a crucible; then lixiviated with water; and evaporated 
to dryness. By this treatment, the salt yields about one 
third its weight of dry carbonate. Or the tartar may be 
mixed with ahcpt an eighth of purified nitrate of potassa, 
and wrapped up in paper in the form of cones, which may be 
placed on an iron dish, and set on fire. ‘The residuary mass 
is to be lixiviated, and evaporated as before directed. Or 
purified nitrate of potassa may be mixed with a fourth of its 
weight of powdered charcoal, and projected into a red-hot 
crucible, the contents of which are to be poured, when in 
fusion, into an iron dish. The carbonate, thus obtained, 
amounts to rather less than one half the nitre which has been 
employed. Even when thus prepared, it is apt to contain 
some impurities, consisting chiefly of a minute proportion of 
sulphate and muriate of potassa, with a little silica, from which 
it is extremely difficult entirely to free it. That which is pro- 
cured from burnt tartar may be made to crystallize, in which 
state it contains 20.60 per cent. of water. 

In this state of union with carbonic acid, potassa generally 
occurs in the arts. The potash and pearlash of commerce, 
are in fact carbonates of potassa, of different degrees of pu- 
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rity. The quantity of carbonic acid, contained in these al- 
kalis, may be learned by a very simple experiment. Put one 
or two hundred grains of the alkali into a Florence flask, and 
add a few ounce-measures of water. Take also a phial filled 
with dilute sulphuric acid, and place this, as well as the flask, 
in one scale. Balance the two, by putting weights into the 
opposite scale, and, when the equilibrium is attained, pour 
gradually the acid into the flask of alkali, till an effervescence 
no longer ensues. When this has ceased, the scale containing 
the weights will be found to preponderate. This shows that 
the alkali, by combination with an acid, loses considerably of 
its weight; and the exact amount of the loss may be ascer- 
tained, by adding weights to the scale containing the flask 
and phial, till the balance is restored. 

Carbonate of potassa dissolves very readily in water, which, 
at the ordinary temperature, takes up more than its own 
weight.—Hence, when an alkali, which should consist almost 
diaiecl of carbonate of potassa, is adulterated, as very often 
happens, with substances of little solubility, the fraud may be 
detected by trying how much of one ounce will dissolve in 
two or three ounce-measures of water. In this way I have 
detected an adulteration of one third its weight of sulphate 
of potassa. ‘There are certain substances of ready solubility, 
however, which may be used in adulterating pearl-ashes, as 
common salt for example; and, when this is done, we must 
have recourse to an acid test for the means of discovery. The 
best, that can be employed for this purpose, is sulphuric acid 
of sp. gr. 1.141. Of this, 355 grains are equivalent to the 
saturation of 100 grains of carbonate of potassa. Dissolving, 
therefore, that quantity of the carbonate in water, and gra- 
dually adding the test, so as to produce, neutralization, we 
learn, by the quantity of acid expended, the quantity of real 
carbonate which has been acted upon; for as 355 to 100, so 
is the weight of the test which has been used to the number 
required. 

The strongest solution of this salt that can ms obtained has 
the specific gravity 1.54, and contains 48.8 per cent. by weight 
of carbonate, or eight atoms of water to one of salt. 

Carbonate of potassa, when exposed to the atmosphere, 
"attracts so much moisture, as to pass rapidly to a liquid state. 
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This change is termed ‘deliguescence. All the water thus ab- 
sorbed is expelled again by a heat of 280°. : 

When submitted, in a crucible, to a high temperature, it 
fuses; but none of its carbonic acid is expelled. 


Bi carbonate of Potassa. 


Carbonate of potassa, in the state which has been already 
described, is far from being completely saturated with acid. 
This sufficiently appears from its strongly alkaline taste. It 
may be much more highly charged with carbonic acid, by ex- 
posing a solution of one part of the carbonate in three of 
water to streams of carbonic acid gas, in a Nooth’s machine, or 
other apparatus; or by the process td be hereafter described. 
When a solution of alkali, after this treatment, is very 
slowly evaporated, it forms regular crystals. According to Dr. 
Wollaston,* the quantity of acid in the bi-carbonate is exactly 
double that in the carbonate. ‘Phis he proves by disen- 
gaging the carbonic acid from each, by a stronger acid, such 
as the sulphuric, when one part of the bi-carbonate, considered 
apart from its water of crystallization, 1s found to give twice 
as much carbonic acid as the sub-salt. Berthollet} obtained 
189 grains of carbonic acid from 500 of this salt; and, as 
nearly as possible, the same quantity from 1000 grains of the 
salt, reduced by calcination to the state of carbonate. Berard 
found, that 100 parts of potassa are fully saturated by 85.86 
carbonic acid.{ The following ‘Table exhibits the composition 
of the bi-carbonate, as stated by him, by Vauquelin, and by 
Dr. Wollaston. One hundred grains contain, 


Acid. Base. Water. 

According to Berard ........ 4.2.01 4.8.92 9.07 
Dr. Wollaston... 43.9 47.1 9.0 
Vauquelin’. sos. 7. 46. fis 


The atomic constitution, deducible from these proportions, 
is one atom of potassa, = 48, two atoms of carbonic acid, 
= 44, and one atom of water, = 9, in all 101, which last is its 
representative number. , 


* Philosophical Transactions, 1808. + Mem. d’Arcueil, ii. 470. 
$71 Ann. de Chim. 42. 
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The BI-cARBONATE OF porassa differs from the carbonate 
in the following particulars :— 

1. In the greater mildness of its taste. Though still alka- 
line, yet it may be applied to the tongue, or taken into the 
stomach, without exciting any of that burning sensation, 
which is occasioned by the carbonate. 

2. Itis unchanged by exposure to the atmosphere. 

3. It assumes the shape of regular crystals. The form of 
these crystals is a four-sided prism, with dibedral triangular 
summits, the facets of which correspond with the solid angles 
of the prism. 

4. It requires, for solution, four times its weight of water at 
60°; and, while dissolving, absorbs caloric. Boiling water 
dissolves five-sixths of its weight; but, during this solution, 
the salt is partly decomposed, as is manifested by the escape 
of carbonic acid gas. ‘The quantity thus separated amounts, 
according to Berthollet, to about =,th the weight of the salt. 

5. By calcination in a low red heat, the portion of carbonic 
acid, which imparts to this salt its characteristic properties, 
and all the water, are expelled, and the salt returns to the 
state of carbonate. 

(k) Bi-carbonate of potassa, in all its forms, is decomposed 
by the stronger acids; as the sulphuric, nitric, and muriatic, 
which unite with the alkali, and set the gas at liberty. This 
may be shown by pouring, on the earbonate contained in a 
gas bottle, any of the acids, and collecting the gas by a proper 
apparatus. 

The sub-borate of Potassa is a salt which is little known. It 
may be formed by the direct combination of liquid hydrate 
of potassa with boracic acid. 


Phosphite, Phosphate, &c. of Potassa. 
Hypo-phosphite of Potassa may be formed by the direct 


combination of its ingredients. It is a deliquescent salt, rea- 
dily soluble in water, and in alcohol. When heated in a 
glass tube, bi-phosphureted hydrogen is disengaged; phos- 
phorus is deposited on the inside of the tube; and a yellowish 
residue is left of phosphate of potassa. 

Phosphite of Potassa is a neutral salt, not crystailizable, 
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deliquescent, and very soluble in water, but not in alcohol. 
When heated, a yellow residue is left, which, with acids, gives 
a little phosphureted hydrogen. 

Phosphate of Potassa is a salt which is neutral only when in 
solution, for, on attempting to crystallize it, an acid salt sepa- 
rates, and there remains an uncrystallizable magma, with an 
excess of alkali. 

This phosphate has little taste. By the action of heat it un- 
dergoes the igneous fusion. It is not decomposed by lime, 
unless when the lime is added in considerable excess, and then a 
compound is formed of phosphoric acid with potassa and lime. 
The vegetable grains belonging to the cerealia contain a small 
quantity of this salt. It is believed to be a compound of 1 
atom of phosphoric acid + 1 atom of potassa. 

Sub-plosphate of Potassa may be obtained by evaporating 
the uncrystallizable portion of the foregoing solution, or by 
fusing phosphate and hydrate of potassa together in a platinum 
crucible. It is insoluble in cold, and very sparingly soluble 
in hot. water. Jt is probably constituted of 2 atoms of po- 
tassa, and 1 atom of acid. 

Bi-phosphate of Potassa has been very little examined. All 
that is known is, that of the compounds of potassa with 
phosphoric acid, this is the only one which is susceptible of + 
crystallization. 


Sulphuret, Hydro-Sulphuret, Eydrogureted Sulphuret, Hypo- 
sulphile, and Sulphite of Potassa. 


— Sulphuret of Potassa (or the compound hitherto so called) 
may be formed by fusing together in a covered crucible, at a 
heat below redness, six parts of sulphur with eight of dry 
carbonate of potassa. The fused mass is to be poured upon a 
smooth stone; and, when cold, preserved in a well-closed 
vial. It has a reddish brown or liver colour, from whence it 
has been called hepar, or liver of sulphur. In the humid way, 
a pure sulphuret cannot be produced, for other products are 
also generated, which remain in the solution. , 

It had been doubted, whether in the fusion of dry potassa 
with sulphur, a mere combination of those two bodies takes 
place; or whether the alkali is not rather deoxidized, and 
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sulphuret of potassium a part, at least, of the product... The 
latter has been lately shown by Berzelius to be the true ra- 
tionale of the process; and he has proved that potassium is ca- 
pable of uniting with sulphur in several different proportions.* 
Vauquelin, also, had long ago observed that during the fusion 
of potassa with sulphur, a considerable quantity of sulphureted 
hydrogen gas is evolved, and that sulphuric acid is formed, 
which, uniting with the base, composes sulphate of potassa. 
But the production of sulphuric acid, Gay Lussac ascertained, 
takes place only at high temperatures; for when that degree 
of heat was used, which was barely sufficient for the purpose, 
the sulphuret, dissolved in water, gave ne trace of sulphuric 
acid, but abounded with hypo-sulphurous acid. The latter 
acid must, however, have been generated by the decomposi- 
tion of the water employed for the solution of the fused mass ; 
for it is incapable of being formed, or even of existing, at high 
temperatures. It shane appear, therefore, that sulphuret a8 
potassium can only exist, strictly speaking, in a solid form, 
for the act of solution causes the immediate formation of new 
products. 

Sulphuret of potassa has, when moistened, a disagreeable 
smell, and an offensive taste. It is very soluble in water, and 
the solution blackens the skin, and turns syrup of violets 
green, like an alkali. All acids, even the weakest, precipitate 
sulphur from it, and the stronger acids, when previously di- 
luted, occasion a disengagement of sulphureted hydrogen gas. 
The solution absorbs oxygen gas, and has been employed in 
eudiometry. According to Vauquelin 100 of potassa unite 
with 111.5 of sulphur. Berzelius finds that 100 parts of the 
carbonate absorb 93.9 parts of sulphur, 

Liydro-sulphuret of potassa may be formed by transmitting 
a current of sulphureted hydrogen gas through liquid hydrate 
of potassa, which acquires.a yellow colour, and an offensive 
smell. It forms large transparent) crystals, not unlike those 
of sulphate of soda, but haying the shape of four-sided 
prisms acuminated with four planes, or of six-sided: prisms 
acuminated with six planes. It is deliquescent, and runs into 
a thick ayy upy liquor, which gives a green colour to the skin, 


* Annals of Phil. iv. 284. 
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It dissolves readily in water and alcohol, with a production of 
cold. On adding any diluted acid, abundance of sulphureted 
hydrogen is disengaged, but no sulphur is deposited. Vau- 
quelin found that its solution in water might be evaporated to 
dryness without decomposing the hydro-sulphuret; for on 
heating the residuum, mixed with sulphur in a retort, sulphu- 
reted hydrogen was copiously evolved. 

Hydrogureted suiphuret of potassa may be formed by boiling 
flowers of sulphur in liquid hydrate of potassa, or by digesting 
sulphur with the liquid hydro-sulphuret. The resulting pro- 
duct may be considered as a compound of bi-sulphureted hy- 
drogen with potassa, in proportions not yet ascertained. By 
mere solution in water, the sulphuret. of potassa is partly 
changed into this substance. According to Proust, red oxide 
of mercury, digested with hydrogureted sulphurets, removes 
the sulphureted hydrogen, and what remains is a pure liquid 
sulphuret. 

Hypo-sulphite of Potassa.—This salt is best formed by ex- 
posing the hydrogureted sulphuret to the atmosphere, till it 
has lost its colour, after which, on evaporation, it crystallizes in 
the form of fine needles ; or by decomposing hydro-sulphuret, 
or hydrogureted sulphuret of potassa by sulphurous acid. The 
salt has a taste, at first not unlike that of nitre, succeeded by 
bitterness, and it is deliquescent. When carefully dried, it 
takes fire on raising the heat, and burns somewhat like tinder, 
but with a feeble blue flame. It dissolves chloride of silver, 
even when very dilute, with great readiness. | 

Sulphite of Potassa may be formed by passing sulphurous 
acid into a saturated solution of carbonate of potassa, till alk 
effervescence ceases. ‘The solution becomes warm, and crys- 
tallizes on cooling in rhomboidal plates, or in small needles 
diverging from a common centre, which have sometimes a yel- 
lowish tinge. It has a pungent and sulphurous taste, and is 
soluble in an equal weight of cold, or in a less proportion of 
boiling water. At the temperature of 300° Fahr. it loses only 
about 2 per cent.; but when more strongly heated, the salt is 
decomposed, and suffers a loss of about 22 per cent. of which 
15 are sulphurous acid, 5 sulphur, and 2 water. When thrown 
into a red hot crucible, a blue flame arises from it. Its solu- 


SECT. I. POTASSIUM. 529 


tion, exposed to the air, slowly attracts oxygen, and is con 
verted into sulphate of potassa. From Dr. Thomson’s ana= 
lysis, it is constituted in 100 parts, of 2 water + 54.5 base + 
43.5 acid; or 100 of sulphurous acid unite with 150 of potash. 


Sulphate and Bi-sulphate of Potassa. 


Sulphate of Potassa.—This salt may be formed by saturating 
the carbonate of potassa with sulphuric acid, and crystallizing 
the solution. It is a refuse product, also, of several chemical 
operations. Its properties are the following : 

(a) It crystallizes in small six-sided prisms, terminated by 
six-sided pyramids with triangular faces. Its specific gravity, 
according to Hassenfratz, is 2.0473. 

(t) It has a bitter taste. 

(c) It decrepitates when thrown on a red hot iron, or on 
red-hot coals, and is volatilized by a strong heat, first running 
into fusion. By alow red heat it loses very little ofits weight, 
not more than one and ahalf or two percent. Indeed it does 
not essentially contain any water. 

(d) Water, at 60° of Fahrenheit, takes up only one six- 
teenth of its weight; but boiling water dissolves one fifth, or 
by continuing the application of heat even one fourth. 

(e) The composition of this salt is determined by the quan- 
tity of sulphate of barytes, which its solution affords when de- 
composed by any barytic salt. From 100 parts of the ignited 
salt, dissolved in water, Dr. Marcet obtained 132 of sulphate 
of barytes, Berzelius 134.68, and Mr. R. Phillips, 136.7. 
Hence the composition of the salt (reckoning the acid in sul- 
phate of barytes at 33,5 per cent.) is, 


Acid. Base. 

According to Dr. Marcet .... 44.22...... 55.78 
- Mrs Phillipss.adt 145079: Jie. 54.21 
—'BucholZ (iis sits 46.21... 53.79 


Dalton gages -u eet 4.70 6 6 os O30 
poo, Berard reid +060) £2- COtainys, «i GO 7-24 
Berzelius...... BOP se 35.0 
Dr. Ure. ie ee hi05 ese oe 54.5 


Estimating the weight of the atom of sulphuric acid at 40 
and that of potassa at 48, the numbers last stated (viz. 45.5 
voL. I. 2M 
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acid, and 54.5 base in 100 of the salt) appear to be nearest the 
truth. There can be no doubt, however, that the salt is con- 

stituted of 1 atom of acid + 1 atom of base, without any wa— 
ter as an essential ingredient. 

(/) Sulphate of potassa is decomposed, at high tempera- 
tures, by charcoal. Mix any quantity of the salt with one 
fifth of its weight of charcoal finely powdered, and expose the 
mixture, in a crucible, to a strong heat. The carbon will 
unite with the oxygen of the sulphuric acid, and will escape in: 
the state of a gas. What remains is a compound, hereafter 
to be described, of sulphur and potassa, or more probably of 
sulphur and potassium.* No change is effected in sulphate of 
potassa by fusion with sulphur, which sublimes unaltered. 


Bi-sulphate of Potassa. 


When to a saturated solution of sulphate of potassa in boil- 
ing water, we add an excess of sulphuric acid, the first erys- 
tals, which are formed, contain a considerable excess of sul- 
phuric acid, not less in the whole, according to Berthollet,= 
than 55.8 per cent. By continuing to evaporate the solution, 
we obtain successive quantities of crystals, which hold less and 
less acid in combination. Thus the second set, according toe 
the same chemist, contain only 49.5 per cent. of acid; Sod he 
was therefore of opinion, that sulphuric acid and potassa are 

apable of uniting in all proportions. It is much more agree- 
able, however, to analogy to believe, that in this, as in all 
other energetic combinations, the proportions are limited. 
The bi-sulphate, or super-sulphate, has been shown by Dr. 
Wollaston to contain just twice as much acid as the sulphate. 
It is constituted, therefore, of one atom of base with two atoms 
of acid, or of 48 base + 80 acid; and its composition may 
be contrasted with that of the sulphate as follows: 


Bi-sulphate. Sulphate. 
Potassa bee ote STS P4100 HON 54 
Sulphurie acid’. ..° 62.5.4-167 IV. . e465 oP B35 


temas Ge eee 


VI) 267 | 100 183.5 


* Vauquelin, Ann. de Chim. et Phys. v. 31. ft Ibid. p. 20. 
t+ Mémoires d’Arcueil, ii. 480. 
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The bisulphate has an intensely sour taste, and a powerful 
action on blue vegetable colours. One part is soluble in 
two of water at 60°, and in less than an equal weight at 212°. 
It is insoluble in alcohol. 

Hypo-sulphate of Potassa is a salt of which little is known. 
It crystallizes in cylindroidal prisms, terminated by a plane 
perpendicular to their axis. (Ann. of Phil. xiv. 355.) 

Seleniates of Potassa-—Selenic acid is capable of uniting 
with potassa in three different proportions, and of composing 
either a seleniate, bi-seleniate, or quadri-seleniate; but as these 
salts are not of much importance, I refer for their description 
to Berzelius’s paper in the 9th vol. of Ann. de Chim. et 
Physique, p. 257. 

Cyanide of Potassa.—Cyanogen is absorbed by liquid hydrate 
of potassa, and a solution is obtained, which has scarcely any 
colour unless the cyanogen is in excess, when it becomes 
brown, and apparently carbonaceous. ‘This solution affords 
prussian blue when added to an acid solution of iron, carbonic 
acid escaping, and a smell of bydro-cyanic acid being at the 
same time perceptible. The volume of carbonic acid pro- 
duced, it has been shown by Gay Lussac, is precisely equal to 
that of the cyanogen absorbed, and he has rendered it ex- 
tremely probable that hydro-cyanic acid and ammonia are at 
the same time generated. 

Hydro-cyanate of Potassa may be formed by the mixture of 
hydro-cyanic acid, and liquid hydrate of potassa. It is very 
soluble, is alkaline to the taste, and turns syrup of violets 
green. It is decomposed by the weaker acids, even by the 
carbonic. With salts having protoxide of iron for a base, 
it gives a precipitate which is at first orange-coloured, and 
afterwards, by exposure to the air, changes successively to 
green and to deep blue. From solutions containing perox- 
ide of iron, it causes a pale blue precipitate, the colour of 
which becomes deeper by exposure to air. When calcineds 
the acid ingredient abandons its hydrogen, and the salt be- 
comes a cyanide of potassa. 

Ferro-cyanate of Potassa——When the salt just described is 
digested in a state of solution with protoxide of iron, a portion 
of the oxide is dissolved, the solution becomes yellow, and, on 
adding more hydro-cyanic acid, is rendered neutral, crystal- 

2MzZ 
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izable, and capable of resisting decomposition by weak acids. 
But the same compound may be better formed by digesting 
prussian blue in fine powder with liquid hydrate of potassa. 
The common prussian blue of commerce should first be heated 
with an equal weight of sulphuric acid, which has been di- 
luted with five or six parts of water, and then be washed 
with a large quantity of distilled water. This will remove 
the alumine which it always contains. After being thus pu- 
rified, it may be added to the hydrate of potassa, as long as 
that liquor continues alkaline. The filtered liquor, when 
evaporated and cooled, deposits crystals, which are qua- 
drangular prisms. These may be purified by a second crys- 
tallization. 

The ferro-cyanate (formerly called triple prussiate) of pot- 
assa is a transparent salt, often in fine large crystals, of a le- 
mon yellow colour, and free from taste and smell. Its spe- 
cific gravity is 1.833. Water at 60° Fahr. dissolves nearly 
one-third of its weight, and boiling water nearly an equal 
weight. When heated, it loses 13 per cent. and becomes 
white, but does not run into fusion, or undergo decomposi- 
tion. Submitted to a still higher temperature in a retort, it 
is decomposed, and yields hydro-cyanic acid and ammonia, 
besides carbonic acid, carbonic oxide, and carbureted hy- 
drogen; and a residue is left, composed of charcoal, me- 
tallic iron, and potassa, which last is still united with more or 
less cyanogen. (See Robiquet, Ann. de Ch. et Phys. xvii. 205.) 

Diluted acids have little action on ferro-cyanate of potassa, 
except with the aid of heat, and then the sulphuric, muriatic, 
and even the acetic acid disengage a certain quantity of hydro- 
cyanic acid, and occasion a white precipitate, the nature of 
which is not understood. Red oxide of mercury, digested 
with a solution of the salt, decomposes it, and gives rise to © 
the formation of cyanide of mercury, and to the disengagement 
of free alkali, and of peroxide of iron attached toa little acid. 

The solution of ferro-cyanate of potassa is not precipitated 
by alkalis, or by alkaline salts, but is decomposed by some of 
the earthy, and by almost all the metallic salts. The follow- 
ing Table by M. Thenard shows the colours of the precipi- 
tates, thrown down from various solutions, both by the ferro- 
cyanate, and hydro-cyanate of potassa. 
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Table of the Colours of Precipitates from Metallic Solutions. 


From solutions By ferro-cyanate By hydro-cyanate 
of salts of of potassa. of potassa. 


Manganese ........ White’......... Yellow. 

Tron (protoxide) .... White ......... Orange. 
(deutoxide).... Pale blue ...... Blueish green. 
(tritoxide) .... Deep blue”... .. Searcely any. 
AAD en aed Sr gk gt CL See am OM 


ATG. rs ce et a e TA see en acl s 3. ov LIARS, 
CAMDHEN hesie winsshide ah UA@I Te ae sans nao n AEG: 
Antimonyitess.cxidt . Ditimiis tc oss... Ditto. 
Uranium «0.4.0. 03s. BIPe@¥ell aa 23 Yellowish white. 


Sear O ere), cu ci a bs WC ge coe 

Cobalt ............ Grass green .... Cinnamon. 
Titanium ......... Reddish brown .. 

LATE CTE S| eat sare oe VAI ess ied nals White. 

Copper (protoxide) Ditto .......... Ditto. 

——— (deutoxide) _Deep brown .... Yellow. 

Nickel ............ Apple green .... Yellowish white. 
Beate eon Sid te oie WMNEIEE ets os 

Mercury fdeutoxide) DUO tans sels sn PLOW. 

Silver .....0...... White, changing White, soluble inan 


to blue. excess of hydro- 
cyanate. 
PSUR Se aees os (Cte ec fie sa eee Ds 
bag SL Caplets YT CHOW Be oe. > es 
Ce re cee «eet as Boh YY AER anne > a2 WwW hite, becoming 


yellow. 


The ferro-cyanate of potassa has been analyzed with great 
care by Berzelius. He decomposed it by heating it with per- 
oxide of copper, and obtained carbonic acid and azotic gases, 
in the proportions in which they are evolved by the decom- 
position of cyanogen, viz. 2 volumes of the former and one of 
the latter. Hence he considers it as a cyanide, and not a 
prussiate, and deduces its composition to be two atoms of cy- 
anide of potassium + 1 atom of cyanide of iron. This cya- 
nide, in common with all those in which the metal is strongly 
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electro-positive, as those of sodium, barium, &c. he believes to 
continue such, even after solution in water; while the cya- 
nides with weaker bases, such as those of ammonia, and many 
of the metallic oxides, become, on the contrary, hydro-cya- 
nates. 

Mr. Porrett, on the other hand, states the composition of 
ferro-cyanate of potassa as follows: 


Potassa .. 40.34...... = 1 atom 


Fs eM Hes Praca + ditto ] : 
Carbon”. / 20M anes 4 ditto \forming one atom of 
Azotet nt Vv 1a rae 1 ditto f _—_‘ ferro-cyanic acid. 


Hydrogen .84...... = 1 ditto) 


Water (oaks sae 2 ditto. 
100.* - 
—>_—- Px 


SECTION II. 


Sodium. 


Soprum was discovered in 1808 by Sir. H. Davy. It is 
procured by a process exactly resembling that employed in 
preparing potassium, with this difference, that hydrate of soda 
must be substituted for that of potassa. In its external cha- 
racters and chemical properties it bears a near resemblance to 
potassium, and it is chiefly by examining the results of its ac- 
tion, that we discover its differences from the latter metal. 

I. Sodium, at common temperatures, exists in a solid form. 
It is white, opaque, and, when examined under a thin film 
of naphtha, has the lustre and general appearance of silver. 
It is exceedingly malleable, and much softer than any of the 
common metallic substances. When pressed upon by a pla- 
tinum blade with a small force, it spreads into thin leaves; 
and a globule of -4,th or ;4,th of an inch in diameter is easily 
spread over a surface of a quarter of an inch. ‘This property 
is not diminished, by cooling it to 32° Fahrenheit. Several 

Toomer es i Rage |v ak Lo 
* Ann, of Phil. xiv. 298. 
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globules, also, may, by strong pressure, be forced into one ; 
so that the property of welding, which belongs to platinum and 
iron at a high degree of heat only, is possessed by this sub- 
stance at common temperatures. 

IJ. It is lighter than water. As near as can be determined, 
ats specific gravity is as 0.972 to 1. 

ITI. It is much less fusible than the base of potassa. At 
120° Fahrenheit, it begins to lose its cohesion, and it is a 
perfect fluid at 180° or 190°. Hence it readily fuses under 
heated naphtha. 

[V. Its point of vaporization has not been ascertained ; Dut 
it remains fixed, in a state of ignition, at the point of fusion of 
plate glass. 

V. When sonium is exposed to the atmosphere, it imme- 
diately tarnishes, and. by degrees becomes covered with a 
white crust of soda, which deliquiates more slowly than that 
formed on potassium. It is not changed, however, by air that 
aas been artificially dried. 

VI. It combines with oxygen, slowly and without luminous 
appearance, at all common temperatures. When heated to 
its fusing point, the combination becomes more rapid; but no 
dight is emitted till it becomes nearly red hot. The flame, 
which it then produces, is white, and it sends forth bright 
sparks, exhibiting a very beautiful effect. In common air, it 
burns with a similar colour to charcoal, but with much greater | 
splendour, 

VII. When thrown into water, it produces a violent effer- 
vescence and a loud hissing noise; it combines with the oxy- 
gen of the water to form soda; and hydrogen gas is evolved, 
which does not, however, as in the case of potassium, hold 
any of the alkaline base in solution. Neither can sodium be 
made to dissolve in hydrogen gas, by being heated in contact 
with it. , 

When thrown into hot water, the decomposition is more 
violent, and in this case a few scintillations are generally ob- 
served at the surface of the fluid; but this is owing to smalk 
particles of the base, which are ejected from the water, suffi- 
ciently heated to burn in passing through the atmosphere. 

VIII. Its action on alcohol, ether, volatile oils, and acids, 
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is similar to that of potassium ; but with nitric acid a vivid in- 
flammation is produced. 

IX. Sodium appears to be susceptible of different degrees 
of oxidation. 1st. When it is fused with dry soda, a parti- 
tion of oxygen takes place between the alkali and the metal. 
AA deep brown fluid is produced, which becomes a dark grey 
solid on cooling. This substance is capable of attracting 
oxygen from the atmosphere, and of decomposing water, by 
which it is again converted into soda. The same oxide of 
sodium is formed, by fusing this metal in tubes of plate glass. 

It is of a greyish colour, destitute of lustre, brittle, and 
gives hydrogen when acted on by water, but less than an equal 
weight of sodium. It may, however, be doubted, whether this 
is a compound of sodium and oxygen, or merely a mixture of 
the metal with soda. | 

2d. The next oxide of sodium is soda.. It may be formed 
by burning sodium in a quantity of air, containing just oxygen 
enough to convert the metal into alkali. It is of a grey co- 
Jour; of a vitreous fracture; and requires a strong red heat 
for its fusion. This, indeed, may be considered as the true 
protoxide of sodium, constituted, according to Gay Lussac and 
Thenard, of 100 metal + 33.995 oxygen; or, according to 
Berzelius, of 100 of the former + 34.372 of the latter. Taking 
the oxygen at 34, the number representing sodium will be 
23.5, for 34:100:: 8:23.53 or, in round numbers, it may be 
taken at 24. | | Hee 

When the protoxide is brought into contact with water, 
it absorbs it with great heat, and cannot be again separated 
from it, except by some substance which it attracts still more 
powerfully. Even after fusion, the soda is still a hydrate, 
containing 1 atom of protoxide = 32 + 1 atom of water = 9, 
together 41. Hydrate of soda contains, therefore, 221 per 
cent. of water, which considerably exceeds the proportion in 
the similar compound of potassa. 

The following table by Mr. Dalton shows the proportion 
of real soda, free from water, in solutions of different specific 
gravities. The first liquid compound is that which consists of 
i atom of soda + 2 atoms of water. 
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Table of the Quantity of Real Soda in watery Solutions of 
different Specific Gravities. 


Atoms of Soda Soda 
Soda per cent. | per cent. 
Water. | by weight. |by measure. 


Specific |Congealing; Boiling 
Gravity. point. point. 


100 . 230? 2.30? |°1000° |unknown. 


1 +0 
1+ 1 77.8 156 2. 500° =| red hot. 
1+ 2! 63.6 118 1.85 250° 600° 
1 + 8 93.8 93 1:72 150° 400° 
1+ 4) 46.6 76 1.63 80° 300° 
1+ 5)! 41.2 64 1.56 280° 
1+ 6)! 36.8 55 1.50 265° 
34 50 1.47 255° 
- 81 SAS 1.44 948° 
29 4.0 1.40 242° 
26 35 1.36 935° 
3 30 1.32 228° 
19 25 1.29 224° . 
16 12D 1.23 220° 
13 15 1.18 oa Wy hed 
9 10 1.12 214° 
4.7 5 1.06 213° 


3d. The peroxide of sodium may be formed, by burn- 
ing the metal with an excess of oxygen. It is of a-deep orange 
colour, very fusible, and a non-conductor of electricity. When 
acted on by water, its excess of oxygen escapes, and it becomes 
soda. It deflagrates with most combustible bodies. It ap- 
pears to be constituted of 2 atoms of sodium = 48, with 3 
atoms of oxygen = 24, and its equivalent number is there- 
fore 72. 

Chloride of Sodium. 

Sodium burns in chlorine gas, and is converted into a 
white substance having a penetrating taste. The same 
compound may be formed by heating sodium strongly in mu- 
riatic acid gas; the hydrogen of which is liberated, while the 
chlorine combines with the metal. Or it may be formed by 
saturating carbonate or hydrate of soda with muriatic acid, 
and evaporating the liquid, which yields chloride of sodium 
in a solid form. This chloride, also, is an abundant produce 
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of nature, being that well-known substance, common salt, 
which is become a necessary ingredient in the food of man, 
and is of essential. utility in several of the arts. ‘or purposes 
of experiment, the common salt may be employed, which is to 
be found in the shops. This may be purified, by adding to a 
solution of it in water a solution of carbonate of soda, as long 
as any milkiness ensues; filtering the solution, and evaporating 
it till it crystallizes. 

HH Its qualities are as follow : 

. It crystallizes in solid regular cubes, or, by hasty evapo- 
“see in hollow quadrangular pyramids, which, when the 
salt is pure, are but little changed by exposure to the air. 
The common salt of the shops, however, being impure, ac- 
quires an increase of weight, in consequence of the absorption 
of moisture. The various forms under which it appears, of 
stoved salt, fishery salt, bay salt, &c. arise from modifications 
in the size and compactness of the grain, rather than from any 
essential difference of chemical composition, as I have shown 
ina memoir published in the Phil. Trans. for 1810. 

2. It requires, for solution, twice and a half its weight of 
water, at 60° of Fahrenheit, and hot water takes up very little 
more. Hence its solution crystallizes, not. like that of nitre, 
by cooling, but by evaporation. 

Si When heated gradually, it fuses, and forms, when cold, 
a solid compact mass. 

4, If suddenly heated, as by throwing it on : red-hot coals, 
it decrepitates. It does not, however, afte being dried at 
the temperature of boiling water, lose by ignition more than 
two or three parts of water per cent. and coolly it contains 
no water. ; : 

5. It is not decomposed when ignited in contact with in- 
flammable substances, except vitlis potassium, which sets at 
liberty half its weight of sodium. 

6. When ‘nieea with powdered charcoal or sulphur, and 
fused in a crucible, it does not undergo any decomposition or 
essential change. 

7. It is dlecohivosed by the carbonate of potassa, the alkalz 
of which combines with the muriatic acid of the salt, and the 
carbonic acid is transferred to the soda.—Hence we obtain 
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muriate of potassa and carbonate of soda. A process for effect- 
ing this decomposition, on a large scale, is described by Wes- 
trumb, in Crell’s Journal, English translation, ii. 127. 
8. It is decomposed by the’ sulphuric acid in the mode al- 
ready described. Nitric acid also separates the muriatic acid. 
When chloride of sodium is dissolved in water, it passes, 
by the decomposition of that fluid, to the state of muriate of 
soda, and it is this salt, and not the chloride of sodium (which 
last can only exist in a solid form) that is the ingredient of sea 
water and other solutions of common salt. Muriate of soda 
is composed, in 100 grains, 
Acid, Base. 
mecoraine.to Uarcel 30.6 5OF “a4 6 49.27 24.90.79 
—— Berard.... — ....43. OMe re 
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Irom 100 grains of transparent rock salt, dissolved in water, 
and precipitated by nitrate of silver, I obtained 242 of luna 
cornea; Dr. Marcet, from 100 grains of pure artificial muriate 
of soda, fused before solution, obtained 241.6; Berzelius 
944.6; and Rose, 243.4. Now 100 grains of luna cornea 
may be stated, in round numbers, to denote 19 grains of real 
muriatic acid, so that it is easy, from this datum, to calculate 
the composition of common salt, or of any muriatic salt, which 
has been decomposed by nitrate of silver. 

When, again, we expel the water from a solution of com- 
‘mon salt, we re-obtain the chloride of sodium, so that muriate 
of soda can have no existence except in a fluid state. Chlo- 
ride of sodium, as it exists in fused common salt, is constituted 
of an atom of sodium, weighing 24, with an atom of chlo- 
rine weighing 36, and its equivalent is 60. It consists, 
then, of 
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Dr. Wollaston assumes its constitution to be either 39.64 
sodium + 60.36 chlorine; or, on the old theory of muriatic 
acid, he admits its composition as stated by Berzelius. 
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Sodium and Iodine. 


The action of sodium and iodine on each otherx is so analo- 
gous to that of potassium and iodine, that it is unnecessary to 
describe it. Iodide of sodium is obtained, and this compound, 
when made to act on water, forms both iodate and hydriodate 
of soda. 

No combination is yet known of sodium and hydrogen. 

On axotic gas sodium appears to have no action, but when 
heated in ammoniacal gas, hydrogen is disengaged, and a ni- 
truret of sodium is formed, which has an olive green colour, 
is fusible at a low heat, and, according to the experiments of 
Gay Lussac and Thenard, is composed of 100 parts of sodium 
and 11.728 nitrogen. 


Phosphuret and Sulphuret of Sodium. 


There is scarcely any difference between the visible phe- 
nomena attending the action of the base of soda, and that of 
potassa on sulphur, phosphorus, and the metals. The sul- 
phuret of sodium has a deep grey colour ; the phosphuret re- 
sembles lead. 


Amalgam of Sodium and Mercury. 


Added to mercury in the proportion of =1,th, sodium ren- 
ders that metal a fixed solid of the colour of silver, and the 
combination is attended with a considerable degree of heat. 
This amalgam seems, like that of potassium, to form triple 
compounds with other metals, and even with iron and pla- 
tinum, which remain united with the mercury, when it is 
deprived of the new metal by the action of air. 


Salts of Soda. 


Chlorate of Soda.—This salt may be obtained, by following 
the process already described, with the substitution of pure 
soda for potassa; or by adding chloric acid to carbonate‘of - 
soda, till the effervescence ceases. It is exceedingly difficult, 
however, to obtain it pure, by the first process, because it 
nearly agrees in solubility, with the common muriate of soda; 
and the second method is therefore preferable. It is soluble 
.in three parts of cold water, and in rather less of hot, and is 
slightly deliquescent. It issoluble also in alcohol ; but so also, 
according to M. Chevenix, is the chloride. It crystallizes 
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in cubes, or in rhomboids approaching the cube in form. In 
the mouth it produces a sensation of cold, and a taste scarcely 
to be discriminated from that of muriate of soda. In other pro- 
perties it agrees with the similar salt with base of potassa. 

Iodaie and Hydriodate of Soda.—Both these salts are ob- 
tained by agitating iodine with liquid hydrate of soda. The 
iodate has the form of small grains which havea cubical shape 
contain no water of crystallization ; and when heated yield 
oxygen gas, a little iodine, and an iodide of sodium. They 
contain 84.1 iodic acid and 15.9 soda. 

Hydriodate of soda crystallizes in flattened rhomboidal 
prisms, which are deliquescent, and contain much water 
of crystallization. By a sufficient heat itis converted into 
iodide of sodium: of this iodide, 100 parts of water at 60° 
Fahr. dissolves 173 parts, and, when strongly heated, it be- 
comes slightly alkaline, and is volatilized. The hydriodate of 
soda is composed of 100 parts hydriodic acid, and 24.728 soda. 

Nitrate of Soda.—This salt may be formed by saturating 
carbonate of soda with nitric acid, or by distilling common salt 
with three fourths its weight of nitric acid. When the former 
process is adopted, thesolution must be evaporated, till a pellicle 
appears on its surface, and then allowed to cool. Crystals 
will be produced, having the shape of rhomboids, or rhom- 
boidal prisms. | 

These crystals have a taste like that of saltpetre, but more 
intense. They are soluble in three parts of water, at 60°, and 
in less than an equal weight of boiling water. They attract 
moisture from the atmosphere. In other respects, they agree 
with the nitrate of potassa. ‘The only use of nitrate ofsoda is, 
perhaps, that which has been suggested by Proust, who has 
found it to be more economical in the making of fire-works 
than nitrate of potassa.* It consists, according to Dalton, of 
57.6 acid = 42.4 base, bu: these proportions do not exactly 
agree with those which ought to be its ingredients, if constituted 
of an atom of base + 1 atom of acid, and if free from water, as 


asserted by M. Longchamp. 


Carbonate of Soda. 
There are two distinct compounds of carbonic acid and 


* Nicholson’s Journal, Xv. 262. See also 6 Amn, de Chim. et Phys. 206. 
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soda, the one containing precisely half as much carbonic acid 
as the other. 

_ The first, called sometimes the sab-carlonate, a name, how- 
ever, which is less appropriate in this case than that of car- 
bonatz, is obtained by carefully re-crystallizing the soda of com- 
merce. When required of great purity, it is best prepared 
from pure acetate of soda, which is decomposed at a red heat, 
and converted into carbonate of soda and charcoal, the for- 
mer of which is separable by water. The primitive crystal 
of this salt is an octohedron, with a rhombic base of 60° 
and 120°, the planes of which meet, at the summit, at 104°, 
and, at the base, at 76°. ‘This crystal varies by becoming 
cuneiform, and also by the replacement of the solid angle 
of the summits by. planes paraliel to the base, affording the 
decahedral variety, which is most common. ‘These crystals 
have the following properties. 

1. When Heated to 150° Fahren hee they fuse; boil vio- 
lently, if the heat be raised; and leave a dry white powder. 
What escapes is water only; and it forms, according to Be- 
rard, 62.69 per cent. of the weight of the salt; to Kirwan, 64; 
Dalton, 63; and D’Arcet, 63.6. The crystals, aiso, lose their 
water by exposure to the atmosphere, or effioresce. 

2. If the fused salt be kept boiling in a retort, Mr. Dalton 
finds that it deposits a hard, sfaalecsted salt, which contains 
only 46 per cent. of water; the ales: liquid has the specific 
eravity of 1.35; and, on cooling, concretes into afragile icy mass. — 


The first compound, Mr. Dalton estimates to consist of | atom 
of carbonate, and 10 of water; the second of 1 atom of salt, 


and 5 of water; and the third of 1 atom ofsalt, and 15 of water. 

3. Water at 60° takes up half its weight of the sub-carbon- 
ate; and boiling water dissolves rather more than its own 
weight. The strongest solution, that can be preserved at the 
temperature of the atmosphere, has the specific gravity 1.26; 
but even this is liable to partial crystallization. 

4. If 100 grains of the salt be slowly added to a quantity of 
diluted sulphuric acid, more than sufficient for neutralization, 
and of known weight, the loss of weight will show the quantity 
of carbonic acid contained in 100 grains. .From experiments 
of this kind, joined with others on its Joss by fusion, Berard 
deduces its composition to be 
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100. 


Independently of the water of crystallization, its composition 
has been differently stated, viz. 100 grains contain, 


Acid. Base. 
According to Berard ...... 37.50 .. 62.50 
—————— Dulong ...... 40.09 .. 59.91 
Dalton ...... 40.40 .. 59.60 

Klaproth .... 42... 58. 
——— Kirwan...... 40.10 .. 59.90 


On the supposition that dry carbonate of soda is constituted 
of 1 atom of acid = 22, + | atom ofbase = 32, its equivalent 
number will be 54, and it will consist of 


Waid ainieyiin7-41. Den . PLoIO0. 1.270.185" 
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And the crystallized salt will be constituted of one atom of 
dry carbonate = 54, + 7 atoms of water = 63, and its equi- 
valent number willbe 117. ‘This gives for its composition, in 
100 grains, 37.13 carbonate + 62.87 water, agreeing in this 
respect very nearly with the experimental result of Berard. 
One hundred grains of the dry salt require for neutralization 
460 grains of sulphuric acid of density 1.141; and hence the 
quantity of dry carbonate in the soda of commerce may be 
learned, by ascertaining the proportion of sulphuric acid of that 
strength which 100 grains ofany sample require for saturation. 

When a solution of the carbonate of soda is saturated, by 
passing through it a stream of carbonic acid gas, or when a 
solution of 100 parts of the salt are heated with one of 14 parts 
of carbonate of ammonia, we obtain by evaporation an indis- 
tinctly crystallized salt, which is the li-carlonate of soda. The 
taste of this salt is much milder than that of the carbonate ; 
and it requires a much larger quantity of water for solution. 
It appears to be constituted of 1 atom of soda = 82, + 2 
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atoms of carbonic acid = 44, and its equivalent number is 76; 
or it is composed of 
Acids. 215 BCH Se ee PO! #1 A400 
Base tee AVS ae eae gr eat sone le NOU 


100. beh yay! 140.30 

But, according to Berard, 100 grains contain 20.2 grs. of 
water, which would indicate that each atom of the anhydrous 
salt is united with 2 atoms of water. The composition of the 
crystals then must be 1 atom of the dry salt = 76, + 2 atoms 
of water = 18, giving in all 94, for the equivalent number of 
the bi-carbonate in crystals. By exposure to a red heat, 
- the whole of the water, and one half of the carbonic acid, are 

expelled, and the salt is reduced to the state of simple car- 
bonate. . 

Sesqui-carbonate.—A native carbonate of soda, found near 
Fezzan in Africa, and there called trona, has been analyzed 
by Mr. R. Phillips. He finds it to be a compound inter- 
mediate between the carbonate and bi-carbonate, or to be 
constituted of 3 atoms of acid + 2 of soda, or of 14 atoms of 
acid = 33, + 1 of soda = 32, together 65. Hence he has 
given it the name of sesqui-carbonate of soda. (Journ. of Sci- 
ence, &c. Vil. 298.)- 


Sub-lorate of Soda. 

This salt is imported in a crude state from India under the 
name of ¢incal, which, when purified, becomes the refined lorax 
of the shops. It crystallizes in prisms with six irregular sides; 
effloresces in the air; fuses when ignited; then loses its water 
of crystallization, and is changed into a white powder, which, 
on increasing the heat, leaves a transparent mass called glass 
of borax, a substance of great use in experiments with the 
blowpipe. The crystallized salt dissolves in 20 parts of water at 
60°, and in six parts of boiling water. According to Gmelin, 
whose analysis of this and other borates is published in the 9th 
vol. of the Annals of Philosophy, it consists of 

Potente acid’ >, eyo b Gentes ties A U0 
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Phosphite and Phosphate of Soda. 


Phosphite of Soda has not been examined. Fh ypo-phosphite 
of soda is very soluble in water and alcohol. Little else is 
known respecting it. (See Ann. de Ch. et Phys. ii. 142.) 

Phosphate of Soda may be obtained by saturating with car- 
bonate of soda the phosphoric acid obtained from bones (see 
p- $65), and evaporating the filtered liquor till a pellicle appears. 
On cooling, crystals areformed which are rhomboidal prism s, the 
acute angles 60°, and the obtuse angles 120°, terminated by a 
three sided pyramid. The salt is soluble in four parts of water 
at 60° Iahr. or in twice its weight of water at 212°. It con- 
tains always an excess cf base, and effloresces when exposed 
to the atmosphere. By a strong heat it loses 62 per cent. of 
water, and the residuum is fusible intoan enamel. The dry 
salt is constituted* of | 


Rhosphoric acid to: ews2e Sth Ae « phemmeri dd PLe 
Soda oe@eeeeeeweeeeereeereee 46.52 eeee0e2e272+ee 87: 


100. 
Hence the crystals consist of 


Phosphoric acid ........+e+000+ 20.33 
ee ee ee ee ee ee 17,67. 
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100. 


Mr, Dalton considers the salt above described as a. Li-phos- 
phate, and constituted of 46 phosphoric acid + 28 soda, or of 
two atoms of acid and cne of base. ‘To render it neutral by 
colour tests, he finds that.the acid must be doubled, or that the 
neutral phosphate is. in fact a.gquadri-phosphate. The simple 
phosphate, consisting of one atom of acid and one of base, 
may be formed by adding as much more caustic soda to the 
bi-phosphate as it already contains. ‘The new salt is much 
more-soluble than the: bi-phosphate, and crystallizes in very 
fine needles, This salt Mr. Dalton recommends as the proper 
re-agent:in: quiare eal: analysis: t- 


* Berzelius Ann. de Chim: et Phys-ii. 164; +:Manch. Memoirs, N.S. iii. 11. 
VOL. I. an 
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Sulphuret, Hydro-Sulphuret, Hydrogureted Sulphuret, Hypo- 
sulphite, and Sulphite of Soda. 


The sulphuret and hydrogurcted sulphuret of soda are so 
analogous to the similar compounds with base of potassa, that 
it is unnecessary to add any thing respecting them. 

Aydro-sulphuret of soda devives its chief importance from 
being produced, along with the carbonate, in several processes, 
by which soda is obtained from the sulphate.* When first form- 
ed, it is transparent, colourless, and crystallizes in four sided 
prisms acuminated by four planes. It has an acrid and alka- 
line taste, which soon changes toastrong bitter. Its solution 
— is colourless, but tinges the skin and paper green. With acids 
it effervesccs briskly, sulphureted hydrogen escapes, and no 
sulphur is deposited, unless chlorine or nitric acid be added, 
which attract the hydrogen and throw down sulphur. | 

To distinguish this hydro-sulphuret from that of potassa, 
which it closely resembles, Vauquelin proposes to add a solu- 
tion of alumine in sulphuric acid. This occasions a crystal- 
lization of alum with the latter, but not with the hydro-sul- 
phuret of soda. | 

Sulphite of soda forms white and transparent crystals, which 
are four sided prisms with two broad sides and two narrow 
ones, terminated by dihedral summits. It has a cool sulphu- 
rous taste, is soluble in four parts of cold or in less than its 
weight of boiling water. By exposure to the air, it effloresces, 
and is changed into a sulphate. It is constituted, according 
to Dr. Thomson, of 
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Hypo-sulphite of soda may be prepared in the same way as 
the analogous salt of potassa. When the solution is evapo- 
rated to a syrupy consistence, it crystallizes in silky tufts, radiat- 


* Ann. de Chim. lxiy. 59. 
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ing from a centre, and rendering the liquid solid. It is deli- 
quescent, and its taste is intensely bitter and nauseous. When 
heated, it first fuses, then drics into a white mass, and at 
length takes fire and burns with a bright yellow flame. It is 
insoluble in alcohol. It has the property of rapidly dissolving 
the chloride of silver, when newly precipitated. 


Sulphate of Soda. 


(a) This salt forms regular octahedral crystals, of a pris- 
matic or cuneiform figure; the two terminating pyramids of 
which are truncated near their basis. 

(4) It has a more bitter taste than the preceding sulphate, 
and dissolves more easily in the mouth. | 

(c) It melts and swells upon a heated iron, in consequence of 
the loss of its water of crystallization, and a white powder 
is left, amounting to only about 36 parts from 100 of the 
original salt, or 43.2 according to Bucholz. 

(@) By exposure to the atmosphere, it effloresces, and loses 
weight, and with so much quickness, that it is difficult to 
ascertain precisely its water of crystallization. Berzelius states 
it at 56 per cent, which agrees with my experience. 

(e) It is very soluble in water, three parts of which, at 60° 
of temperature, dissolve one of the salt; and boiling water 
dissolves its own weight. 

(/) Its composition is inferred from the quantity of sul- 
phates of barytes, obtained by decomposing the solution of a 
known weight of this salt by any barytic salt. Bucholz, from 
1000 grains of the crystallized salt ( = 432 deprived of water) 
obtained 698 of sulphate of barytes; and Berzelius, from 5 
parts of the dry salt, precipitated 8.16 of sulphate of barytes. 
His experiment, to have corresponded with that of Bucholz, 
should have given 8.12. Assuming the acid in sulphate of 
barytes to be 33.5 per cent., 100 parts of dry sulphate of soda 
{giving 161.3 of the barytic sulphate) must consist of 
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Mr. Dalton’s numbers are 54.8 acid + 45.2 base; Dr. 
Wollaston’s 56 + 44; Dr. Ure’s 55.55 + 44.45; and those 
of Berzelius 55.76 + 44.24. The proportion of 56 to 44 is 
most consistent with the notion that this salt is constituted of 
1 atom of acid + 1 of base; for40: 32:: 56: 44. Hence 
its equivalent number is 72; and, adding 10 atoms of water 
(90), we obtain 162 for the equivalent of the cryalaiiaed salt, 
which must be composed of 


AG tat ok ae 
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Bisuiphate of soda may be formed by adding sulphuric acid 
to a hot solution of sulphate of soda. Large rhomboidal 
crystals are formed, which are soluble in twice ae weight of 
water at 60°; effloresce by exposure to the air; and wen 
heated lose their excess of acid. 

Seleniates of soda.—Selenic acid unites with soda in three 
different proportions, each of which constitutes a distinct salt, 
but they have no particularly interesting properties. 

Hydro-cyanate of soda, like all the other salts of this class, is 
alkaline, and is decomposed by mere exposure to the atmos- 
phere. 

Ferro-cyanate of soda is of a yellow colour, and forms four 
sided prisms, terminated by dihedral summits, which effloresce ~ 
in the air, and lose 374 per cent. of their weight. At 55° 
Fahr. they dissolve in 41 times their weight of water, but re- 
quire much less boiling water, from which they separate on 
cooling. They are soluble in alcohol. 


~<a - 
SECTION Ill. 
Lithium. 


Tue discovery of lithia, the source of this new metal, which 
dates only from the commencement of 1818, is due to the 
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skill and sagacity of M. Arfvredson, a pupil of Berzelius. 
In the analysis of a mineral called Petalite (first distin- 
guished as a new species by M. D’Andrada, who found 
it in the mine of Uto, in Sweden), about 3 per cent. of 
an alkali was obtained, which M. Arfvredson at first sup= 
posed to be soda. On more accurate examination, how- 
ever, the new substance displayed properties entirely distinct 
from those of either soda or potassa, especially in possessing 
the power of neutralizing a much greater quantity of the dif- 
ferent acids than either of those alkalis; in which respect it 
even surpassed magnesia. ‘T’o distinguish it from the two 
other fixed alkalis, both of vegetable origin, it received the 
name of dithion, (from Aides, Japideus ;) and this term, to suit 
the analogy of the other alkalis, was afterwards converted into 
lithia or lithina, 

The proportion of lithia in petalite bad’ since been found 
to be 5 per cent.: and.from some very pure pieces of that mi- 
neral, Vauquelin has extracted even 7 per cent. M. Arf- 
vredson has discovered it, to the amount of 8 per cent. in 
driphane or spodumene, a mineral which is not so scarce as pe- 
talite; and, to the extent of 4 per cent. in crystallized lepido- 
lite. ‘The simplest process for obtaining it consists in fusing 
the mineral, finely pulverized, with three times its weight of car- 
bonate of potassa; dissolving the fused mass in muriatic acid; 
evaporating to dryness; and digesting in alcohol, which takes 
up scarcely any thing but a compound of the new earth with - 
muriatic acid. By evaporating a second time to dryness, and 
again dissolving in alcohol, the muriate of lithia is obtained 
pure. This muriate may be decomposed by digestion with 
carbonate of silver; and the solution of the pacipuets being 
decomposed by lime or by barytes, yields a solution of pure 
lithia, which may be evaporated to dryness out of contact with 
the air, from which it rapidly imbibes carbonic acid. 

M. Arfvredson decomposed petalite by the following me- 
thod. He strongly calcined, for an hour and a half, the finely 
powdered mineral with four times its weight of pure carbonate 
of barytes; digested the product with an excess of muriatic 
acid, which, leaving the silica undissolved, took up the baryta, 
alumina, &c.; precipitated the baryta by sulphuric acid, and. 
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the alumina by carbonate of ammonia; and then, evaporating 
to dryness the residuary liquor, and raising the heat so as to 
expel the ammoniacal salts, a saline residue was left, which 
was dissolved by water, with the exception of a small quantity 
of sulphate of lime. It was a neutral salt, consisting of the 
new substance in combination with sulphuricacid. ‘The sul- 
phate was decomposed by acetate of barytes, and the acetate 
of lithia, thus obtained, was converted by calcination into car- 
bonate of lithia.* For carbonate of barytes, Vauquelin and 
Gmelint advantageously substituted the nitrate. 

Pure lithia is very soluble in water, and, like the other 
alkalis, has an acrid, caustic taste. Likethem also, it changes 
vegetable blue colours to green. When heated in contact 
with platinum, it fuses, and then acts on the metal. "That it 
agrees with the other alkalis in containing a metallic base, 
has been proved by Sir H. Davy, who applied the power of 
a galvanic battery to a portion of the carbonate, fused in a 
platinum capsule. On rendering the platinum positive, and 
bringing a negative wire to the surface of the fused carbonate, 
the alkali was decomposed with bright scintillations: but the 
reduced metal burned again so rapidly, that it was only ob- 
served to be of a white colour and very similar to sodium. 
Gmelin was not more successful in attempting to obtain the 
base of lithia separate, for, as fast as it was formed, it was again 
converted into an oxide. From analogy, this base has received 
the name of lithium. The proportion, in which this metal 
unites with oxygen, has, of course, not been determined by 
direct experiment; but it has been deduced by Vauquelin, 
from an analysis of the sulphate of lithia, and the application 
of the law, that the proportion between the oxygen of sulphuric 
acid and that of the bases which it saturates is as 3 to 1, to 
be as follows: 
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Arfvredson’s estimate scarcely differs from this; but Gmelin 


* Ann. de Chim. et Phys. x. 86. + Ann. of Philos. xv. 344. 
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deduces the composition of lithia to be 58.05 metal + 41.95 
oxygen; and if this be correct, and lithia be constituted of an 
atom of each of its ingredients, lithium will be represented by 
11, and lithia by that number + 8 = 19. 

Chloride of lithium may be obtained by evaporating the mu- 
riate of lithia to dryness, and fusing the residue. It is white 
and semi-transparent, extremely deliquescent, soluble in al- 
cohol, is decomposed when strongly heated in the open air, 
when it parts with chlorine, absorbs oxygen, and becomes 
highly alkaline. It is very difficultly crystallizable, and tinges 
the flame of alcohol red. In all these respects, it presents 
striking differences from potassa and soda. 

With sulphur, lithia affords a very soluble yellow com- 
pound, which is decomposed by acids, with the same pheno- 
mena as the alkaline sulphurets, and, from the abundance 
of the precipitate, appears to contain a large proportion of 
sulphur. 

Sulphate of lithia crystallizes in small prisms of a shining 
white colour. It is more fusible and soluble than sulphate oe 
potassa, and has asaline, nota bitter, taste. It is constituted of 


Sulphuric acid ......... 69.20 
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Bi-sulphate of lithia is produced by adding an excess of 
sulphuric acid to the neutral sulphate. It is more fusible and 
less soluble in water than the sulphate. 

Nitrate of lithia is very soluble, and by evaporation crystal- 
lizes sometimes in regular rhomboids, sometimes in needles. 
It is extremely fusible; and at the instant when it has cooled, 
it attracts moisture from the air, and becomes fluid. The 
muriate is not crystallizable, but acrust appears on the surface 
of its solution during evaporation. : 

Carbonate of leks is eflorescent in the air, and is sparingly 
soluble, requiring about 100 times its weight of cold water. 
It consists of 54.46 acid + 45.54 base. The watery solution 
effervesces with acids; changes vegetable blue colours to 
green ; decomposes solutions of alumine and magnesia, and of 
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the metals; is rendered caustic by lime; disengages ammonia 
from its combinations} and does not precipitate the muriate 
of platinum. ‘The dry carbonate, when fused on platinum, 
acts as powerfully on that metal as the alkaline nitrates. © 

Phosphate of lithia is formed by adding phosphate of ammo- 
nia with excess of base to sulphate of lithia, when an insolu- 
ble phosphate of lithia falls down. By this property it may 
be separated from potassa and soda. ‘There exists also a 
bi-phosphate of lithia. 

Lithia, then, is sufficiently distinguishable both from potassa 
and soda, by its difficult solubility in water; by affording de- 
_ liquescent salts with muriatic and nitric acids; and, still more, 
by its higher capacity of saturation. It agrees with soda in’ 
not being precipitated by tartaric acid or muriate of platina;. 
but thesaltsof lithia, when their concentrated solutions are mix- 
ed with one of carbonate of soda, deposit carbonate of lithia. 


Se 
SECTION IV. 
Calcium. 


To obtain calcium, a paste may be moulded, either of pure 
lime, or of sulphate of lime and water, into the shape of a small 
capsule, which may be placed on a metallic dish. Into this 
capsule mercury may be poured, and connected with the ne- 
gative extremity of a galvanic apparatus of sufficient power, 
while the positive wire of the same pile is made to touch the 
under surface of the metallic plate. When the contact has 
been continued sufficiently long, an amalgam of mercury and 
calcium 1s obtained, which may be put into a small retort, 
along with naphtha enough to cover it. The retort is then to * 
be connected with a tubulated receiver, the tubulure of which 
is only loosely stopped with a cork. On applying heat, the 
naphtha first comes over; then the mercury; and the calcium 
remains, surrounded by an atmosphere of vapour of naphtha. 
As the vessels cool, it would be desirable, and would not be 
difficult, to fill them with nitrogen gas, to prevent the oxida- 
tion of the calcium. 
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At present our knowledge of calcium in a pure state is very 
imperfect. In the instance in which Sir H. Davy succeeded 
to the greatest extent in distilling the quicksilver from the 
amalgam, the tube unfortunately broke while warm, and at the 
moment when the air entered, the metal, which had the colour 
and lustre of silver, took fire, and burned with an intense 
white light into lime. Berzelius obtained an amalgam of mer- 
cury and calcium, by electrifying lime liquor in contact with 
mercury, and on this amaleam water was made to act. From 
the quantity of lime thus produced, he estimates its composi- 
tion to be 
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And 39.4: 100 :: 8: 20.3, which last number is the equiva- 
lent of calcium; and 20 + 8 = 28 may be regarded as repre- 
senting very nearly the atom of lime. 


Lime. 


The external characters of lime may be exhibited in com- 
mon quicklime, such as is employed for the purposes of build- 
ing or agriculture. In the same state, it is generally pure 
enough for demonstrating its chemical properties; but, when 
used for purposes of the latter kind, it should be fresh burnt 
from the kiln. For accurate experiments, it should be pre- 
pared by calcining in a crucible, for several hours, Carara or 
Parian marble, or carbonate of lime, which has been precipi- 
tated by carbonate of ammonia from the muriate, and perfectly 
edulcorated by abundance of distilled water. Its specific gravity 
is 2.3. It requires for its fusion the intense heat of voltaic 
electricity, or of the oxy-hydrogen blow-pipe. It it not volatile. 


Relation of lime to water. 


(a) Lime absorbs water very rapidly, and with considerable 
heat and noise. This may be shown by sprinkling a little 
water on some dry quicklime; when the lime will become ex- 
tremely hot, and fall into powder, which has been called dry 
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hydrate of lime. Yu this compound, the lime is to the water, 
according to Mr. Dalton, as 23 to 8; according to Davy, as 
55 to 173 and to Berzelius, as 100 to 32.1, which last num- 
bers, being as nearly as possible in the proportion of the weights 
of the atoms of lime and water (viz. 28 to 9), are probably the 
correct ones. Itis, therefore, strictly a proto-hydrate. Somecare 
is necessary in its preparation, lest more water should be added, 
than is essential to its constitution. Itaffordsa very convenient 
form of keeping lime, for occasional use in a laboratory; for 
the hydrate may safely be preserved in glass bottles, which are 
almost constantly broken by the earth, if inclosed in its per- 
fectly dry state. The hydrate of lime differs from those of 
baryta and strontia, in retaining its water much less forcibly ; 
for the whole of it may be expelled by a strong red heat; and 
pure and absolutely dry lime remains. 

The degree of heat, produced by the combination of lime 
with water, is supposed by Mr. Dalton to be not less than 
$00°, and is sufficient to set fire to some inflammable bodies ; 
and when a large quantity of lime is suddenly slaked in a 
dark place, even light, according to Pelletier, is sometimes 
evolved. ‘The caloric, which is thus set at liberty, is doubt- 
less that contained in the water, and essential to its fluidity. 
By combination with lime, water passes to a solid state, and 
probably even to a state of much greater solidity than that of 
ice. Hence, during this change, it evolves more caloric than 
during conversion into ice; and hence even ice itself, when 
mixed with quicklime, in the proportion of one to two, enters 
into a combination which has its temperature raised to 212°. 
When a sufficient quantity of water has been added to reduce 
lime into a thin liquid, this is called milk or cream of lime ; 
but this can scarcely be regarded as a definite compound. 

Lime, though not of itself volatile, is, in some manner, per- 
haps mechanically, carried up by the vapour of water employ- 
ed in slaking it. When a piece of moistened paper, stained 
with the juice of the violet, is held in the steam, which arises 
from lime suddenly slaked, its colour is changed from blue to 
green. Hence the smell which is perceived during the slaking 
of lime. 3 

(4) Lime absorbs moisture from the atmosphere, and fallsgra- 
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dually into powder, containing pure lime and water, in the pro- 
portion nearly of 100 to 32; or it becomes a true proto-hydrate. 

(c) Lime is very sparingly soluble in water, viz. in the pro- 
portion of about 1 to 700; according to Thomson, 1 to 758 ; 
to Davy, 1 to 450; and to Dalton, at 60° Fahrenhcit, 1 to 
778. From a wine pint of lime water prepared at 60° Fahr. 
Mr. R. Phillips precipitated by carbonate of ammonia 17.3 
grains of carbonate, equivalent to 9.7 of lime. And asa wine 
pint of this lime water weighs about 7300 grains, it follows that 
water at 60° Fahr. takes up about 1-752d of its weight of that 
earth. ‘The experiments of Mr. Dalton tend to establish a 
curious fact respecting the solubility of lime, v's. that it 
dissolves more plentifully in cold than in hot water. He has 
given the following table, the first column of which expresses 
the temperature of the water; the second, the number 
grains of water, required to take up one grain of lime; and 
the third, the number required to dissolve one grain of hydrate 
of lime. 


Grains of water Grains of water 
Temperature - that dissolve that dissolve 
1gr.oflime. . 1 gr. of hydrate. 


CSRS ER cc | Ly Cageme? TS 
130° eeesee*e#eee#kesere?sea 972 eoeeoeeecs8¢ces##8e 8 @ veut 
Re Ny ir 7 eM fy. 


At the freezing point, or nearly so, Mr. Dalton thinks is 
probable that water would take up nearly twice as much lime, 
as is dissolved by boiling water. This inference has been con- 
firmed by Mr. R. Pies who, after satisfying himself of the 
correctness of Mr. Dalton’s statement of the composition of 
lime water prepared at 212°, determined by experiment that 
water at or near $2° Fahr. dissolves st, of its weight of lime, 
-or as nearly double as possible. He auth also that the solu- 
tion prepared at this temperature, when heated to ebullition im 
a glass vessel, from which a long tube issucd to allow the escape 
of steam, and to prevent the access of carbonic acid, deposited 
small white particles of lime. ‘These separated in such quan- 
tity, that though only 1-12th of the solution was evapora ated, 
the proportion of lime was reduced to s'55- The cause of 
this crystallization Mr. Phillips supposes to be the influence 
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of heat in increasing the aggregative affinity of the lime; but 
it is probable that the heat may also operate in diminishing 
the affinity of water for lime. (See Ann. of Phil. N.S. i. 107.) 

The watery solution of lime has an acrid disagreeable taste, 
turns vegetable blues to green, and unites with oil, forming 
an imperfect soap. To prepare the solution, lime is to be 
slaked to a thin paste, and a sufficient quantity of water after- 
wards added. ‘The mixture is to be stirred repeatedly, the 
lime allowed to settle,-and the clear liquor decanted for use. 
It must be preserved in closely stopped vessels, for reasons 
which will be stated in the chapter on carbonic acid. 

(dq) When lime water is freely exposed to the atmosphere, 
the lime is precipitated from it in the state of a carbonate; 
and it is, therefore, not possible to obtain crystals of pure 
lime, by evaporating lime water in the common way. Its 
crystallization, however, has been effected by Gay Lussac, by 
inclosing a vessel of lime water, and another of concentrated 
sulphuric acid, under the same glass receiver.* The evapora- 
tion of the water goes on quickly, especially when the sulphuric 
acid is occasionally renewed, and small transparent crystals 
are obtained in regular hexahedrons, cut perpendicularly to 
their axes. ‘They remain transparent when exposed to the air 
for a few days, and are then changed into carbonate of lime. 
By ignition in a glass tube, their water of crystallization is ex- 
pelled, and they are proved to consist of 
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These crystals agree, therefore, very nearly in composition 
with the proto-hydrate, which is obtained by. exposing quick 
lime to a damp atmosphere. This, if the atom of. water be 
taken at 9, and the atom of lime at pe will make that of the 
hydrate 37. 


Peroxide 2 of Calcium. 


When oxygen gas is passed over r ignited quicklime, the | 
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gas is absorbed, and a peroxide of calcium is obtained; the 
exact composition of which has not been determined. A si- 
milar peroxide, united with water, is formed also, according to 
Thenard, when lime is brought into contact with the oxygen- 
ated water, discovered by that chemist. 


Chloride of Calcium and Muriate of Lime. 


‘When lime is heated in chlorine gas, oxygen is evolved, 
and a chloride of calcium is formed. The same compound is. 
obtained by saturating muriatic acid with carbonate of lime, 
and evaporating to dryness, and fusing the residue. In this 
case the muriatic acid is decomposed; its hydrogen, uniting 
with the oxygen of the lime, escapes in the state of water; 
_and the chlorine unites with the calcium. The chloride and 
the muriate are, therefore, mutually convertible by adding or 
expelling water. One hundred grains of carbonate of lime 
afford, according to Berzelius, 109.6 of fused chloride of 
calcium, containing, as appears from calculation, 69.6 chlorine, 
and 40 of the meal which numbers are as nearly as possible 

in the proportion of 36 to 20, the equivalents of chlorine and 
calcium. Hence the representative number of chloride of 
calcium is 36 + 20 = 56; or it consists of 
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When chloride of calcium is exposed to the atmosphere, it 
deliquiates very rapidly. It is of course, therefore, soluble in 
a very small quantity of water, and it forms a solution of a 
thick oily consistence, and of a bitter acrid taste. This solu- 
tion, which is strictly muriate of lime, deposits crystals, if ex- 
posed to the temperature of 52° Fahr. These crystals, when 
mixed with fresh fallen snow, produce a degree of cold suffi- 
cient to freeze quicksilver, as already stated in the chapter on 

caloric. They contain, according to Berzelius, 

Mrurigtic acid! . «as «ies dervanct eves 2469 
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It is probable, however, that this determination is not cor- 
rect, for if the acid and lime be in atomic proportion, they ought 
¢o exist in this salt in the proportions of 37 to 28, which num- 
bers represent the weight of their atoms; whereas the ingre- 
dients of muriate of lime, as stated by Berzelius, are nearly in 
equal weights. 

Todide of calcium is obtained by evaporating to dryness the 
hydriodate of lime, and strongly heating the reais It isa 
white fusible compound. 


Salts, &c. with Base of Lime. 


Chloride of Lime.—When chlorine gas is brought into 
contact with proto-hydrate of lime, which has been passed 
through a fine sieve, the gasis absorbed with rapidity, and with 
the evolution of much heat. It is necessary, indeed, either to 
pess the current of gas very slowly, or to surround the vessel 
containing the lime with cold water, and occasionally also to 
change the surface of the lime by stirring it. When the hy- 
rate has taken all the gas that it is capable of absorbing, 
there remains a dry white powder, of considerable importance, 
from its extensive use in the art of bleaching, and known in 
commerce by the names of bleaching asa wk or oxymuriate of 
Jime. 

This substance, to which the name of sub-chloride of lime, 
or sub-chloride of hydrated lime, is more appropriate, has a 
faint odour of chlorine, and a penetrating taste. When agi- 
tated with water, a portion is dissolved, varying in different 
specimens. The solution of a sort of fair commercial quality, 
when a wine gallon of water had been made to act upon a pound 
of the salt, I found had the specific gravity of 1.035. A large 
residue of undissolved matter is always left, which consists for 
the most part of hydrate of lime, not entirely free, however, 
from chlorine, the smell of which is evolved from it on adding 
an acid. The solution in water always contains .an excess of 
lime, and does not actively discharge vegetable colours, till 
some acid is added to disengage the lime from the chlorine. 

Chloride of lime exposed to heat is decomposed ; a small 
portion of chlorine gas and some water first come over; and 
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on raising the heat to upwards of 600°, oxygen gas is evolved, 
by the action of the chlorine upon the calcium, which is the 
base of the lime. For every 50 cubic inches of oxygen that 
are obtained, we may reckon that 100 cubic inches of chlorine 
(= 764 grains) have united with calcium. The chloride of 
lime is thus converted by heat into chloride of calcium. A 
similar change appears to take place by long keeping at ordi- 
nary temperatures; for the salt gradually loses its bleaching 
power. When fresh prepared, it does not essentially contain 
any chloride of calcium, or muriate of lime; but in a specimen 
which had been kept about five years, Mr. Dalton found 30 
per cent. of that salt, the chloride of lime being proportionally 
diminished. 

The composition of sub-chloride of lime was first attentively 
examined by Mr. Dalton.* A specimen formed by exposing 
the proto-hydrate of lime to chlorine gas, till it would absorb 
no more, he found to be constituted of 
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These numbers, indeed, do not exactly agree with any 
atomic proportions ; but if altered a little, as follows, to correct 
defects in the analysis, which are within the limits of possible 
error, the constitution of the salt would cease to be anomalous; 
VIX. i 
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Lime eet er. COR Ce ces 2 ats 1... 56 
Water ...... 37.10 .... = 6 atoms .... 54 
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Each atom of lime appears, therefore, to have been united 

with 3 atoms of water, or to have been in the state of trihi- 

drate. ‘These proportions of chlorine and lime are such as to 

constitute a true sub-chloride, as Mr. Dalton names it; or sul- 

Vichloride, asit has been called by Dr. Thomson. 
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When water was made to act upon the sub-chloride, Mr. 
Dalton found that one-half of the whole lime was deposited. 
‘The atom of chlorine, therefore, was, in the solution, engaged 
by an atom of base, constituting a true chloride of lime. ‘This 
compound is probably not capable of existing long in solution, 
for when the liquid is boiled to dryness, chloride of calcium 
is the product, giving muriate of lime by solution in water. 

In this view of the constitution of chloride of lime, Dr. 
Thomson* and M. Welter + for the most part agree; except 
that they assign, to the dry salt, proportions of water differing 
from those of Mr. Dalton. Both of them admit that a par- 
tition of the base is effected by solution, and that, in the liquid, 
_ the existing compound contains an atom of each of its ele- 
ments. 

The assay of sub-chloride of lime, in order to ascertain its 
commercial value, has been effected in several ways. Mr. Dalton 
first proposed detaching the gas from a given weight either of 
the dry or liquid compound, over mercury in a graduated tube, 
by means of an acid. A portion of the chlorite} is retained by 
the liquid, which may be estimated at» twice its volume; but 
no sensible error is, it seems, occasioned by the action of the 
chlorine on the mercury. He afterwards announced what he 
considers as an improved method, viz. the successive addition 
ofa solution of the chloride to a solution of green sulphate of 
iron (sp. gr. 1.149) till the smell of chlorine is developed. 
This method, however, 1 consider as greatly inferior to that 
of liberating the chlorine by an acid. ‘To effect this, without 
the aid of a mercurial trough, Dr, Ure has contrived an in- 
strument. described in the Quarterly Journal, xiii, 21. For the 
purposes. of the artist, I believe, however, the most practicable 
method will be found to be the test of solution of indigo in 
sulphuric acid.. It may be of such strength that 1600 parts 
of the liquor contain one of indigo. Of this solution 100 cubic 
inches-of chlorine = 76+ grains, destroy the colour of 1159.5 
cubic inches, or 10 grains of chlorine discharge the colour of 
152 cubic inches of the solution. It salt Se to dilute the 
solution of pets pas its volume may be nearly one-half 
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that of the colour test; to pour the former into the latter 
slowly and at intervals, stirring the mixture well after each ad- 
dition ; and in making several comparative experiments to 
take care that the quality of the test, and the manner of pro- 
ceeding, shall be the same in all. It cannot, however, be pre- 
tended that this test possesses the scientific accuracy attainable 
by the admeasurement of the disengaged chlorine, which alone 
is to be depended upon, when a precise analysis is required. 

Chlorate of lime may be formed by acting on carbonate of 
lime with chloric acid. A deliquescent compound is obtained, 
of a sharp and bitter taste, soluble in alcohol, and giving 
oxygen gas when heated. It is constituted, according to Che- 
nevix, of 55.2 acid + 28.3 lime + 16.5 water. 

Lodate of lime requires for solution several hundred times its 
weight of water. When exposed to a strong heat, it is de- 
composed, oxygen and iodine are given off; and the base re- 
mains. 1 | 

FAlydriodate of lime is deliquescent, crystallizable, enters into 
fusion at a heat a little below redness, and is converted into 
iodide of calcium in close vessels; but when heated with the 
free access of air, much of the iodine is separated, and a sub- 
iodide of calcium remains. 


~ 


Mitrate of lime. 


This salt is found abundantly in the cement of old build- 
ings, which have been long inhabited. To prepare it arti- 
ficially, nitric acid, diluted with five or six paris of water, 
may be saturated with carbonate of lime, 63 parts of which 
are decomposed by 90.23 of nitric acid of density 1.5, and 
give 103.05 of dry nitrate of lime.* When this solution is 
boiled down to the consistence of syrup, and exposed in a 
cool place, long prismatic crystals are formed, resembling, in 
their disposition, bundles of needles diverging from a common 
centre. These crystals are readily soluble in water, of which, 
at 60°, they require two parts, and boiling water dissolves 
an equal weight. They deliquiate speedily, when exposed to 
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the air; and are decomposed at the temperature of ignition. 
Exclusive of water, it contains, 


Acid: Base. 
A ceokding (6 Dalton. .6...50e0sss 61.3 38.7 
Phillips -.3...0'. Wes eee OOGu |r Cane 


When a solution of nitrate of lime is evaporated to dryness 
in an earthen vessel, then fused for five or ten minutes in a 
crucible, and poured, while in fusion, into ‘an iron pot pre- 
viously heated, the congealed mass forms Baldwin’s phosphorus. 
It must be broken into pieces, and preserved in a well-stopped 
phial. These pieces, after having been exposed to the sun for 
a few hours, emit in the dark a beautiful white light, affording 
one variety of solar phosphorus. 


Carbonate of Lime. 


Lime has a strong attraction for carbonic acid, but not 
when perfectly dry; for if a piece of dry quicklime be passed 
into a jar of carbonic acid gas over mercury, no absorption 
whatever ensues. But if a bottle, filled with carbonic acid 
gas, be inverted over a mixture of lime and water of the con- 
sistence of cream, a rapid absorption will be observed, espe- 
cially if the bottle be agitated: or if a jar or bottle, filled 
with carbonic acid, be brought over a vesse! of lime water, 
on agitating the vessel, a rapid diminution will ensue, and the 
jime water will become milky. When a shallow vessel of 
lime water is exposed to the air, a white crust forms on the 
surface, and this, if broken, falls to the bottom, and is suc- 
ceeded by another, till the whole of the lime is precipitated 
from the solution. This is owing to the absorption of carbonic 
acid gas from the air by the lime, which is thus rendered. in- 
soluble in water. Dry lime, also, when exposed to the atmo- 
sphere, first acquires moisture, and, having become a hydrate, 
next absorbs carbonic acid. In a sufficient space of time, all the 
characters distinguishing it as lime disappear, and it acquires 
the property of effervescing with acids. The strong affinity 
of lime for carbonic acid eles it to take this cond from 

» other substances. Thus carbonates of alkalis are decom- 
posed by lime. . Slake a given quantity of lime into a paste 
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with water, and add half its weight of carbonate of potassa or 
soda. Boil the mixture, for half an hour, in an iron kettle, 
and separate the liquid part by filtration or by subsidence. 
The carbonic acid combines with the lime, and the alkali is 
obtained in a state of solution perfectly free from carbonic 
acid. This is the ordinary mode of depriving the alkalis of 
_ carbonic acid. 

Carbonate of lime is a most abundant product of nature. 
In the forms of lime-stone, marble, and chalk, it constitutes 
extensive strata, and it is the basis also of calcareous spar and 
stalactites. Carrara marble of perfect whiteness, or, for 
common purposes, chalk, may be employed to exhibit its pro- 
perties. xan 

The carbonic acid existing in carbonate of lime is expelled 
by a strong red heat. If distilled in an earthen retort, car- 
bonic acid gas is obtained, and lime remains in the retort in 
a pure or caustic state. By this process carbonate of lime 
loses about 45 per cent. — | 

The experiments of Sir James Hall have proved, that when 
the escape of the carbonic acid is prevented by strong pres- 
sure, carbonate of lime is fusible in a heat of about 22° of 
Wedgwood’s pyrometer.* And Mr. Bucholz has lately fused 
this substance, by the sudden application of a violent heat, 
without additional compression.t B 

Carbonate of lime is decomposed by almost all acids. 
This will appear if upon chalk or marble contained in a gas 
bottle diluted sulphuric or muriatic acid be poured, A vio- 
lent effervescence will ensue, owing to the escape of carbonic 
acid gas, which may be collected over water or mercury. By 
a little modification of the experiment, the quantity of car- 
bonic acid expelled from the carbonate may be correctly as~ 
certained. Let 100 grains of the carbonate be put into a 
Florence flask, with an ounce or two of water; place this in 
the scale of a balance; and in the same scale, but in a separate 
bottle, about half an ounce of muriatic acid. Add the muriatic 
acid to the carbonate as long as any effervescence is produced, 
and then blow out that part of thedisengaged carbonicacid, which 
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remains.in the flask, by a pair of bellows. Ascertain, by adding 
weights to the opposite scale, how much has been lost ; suppose 
it to be 43.5 grains; this shows the quantity of carbonic acid. 
disengaged. Calcine another 100. grains in a covered crucible. 
It will lose rather more of its weight ; because, besides its car- 
bonic acid, all the water is expelled which it may contain. 
Let this loss be stated at 45 grains; the former loss deducted | 
from this (45 — 43.5), or 1.5 grains, shows the quantity of water 
in 100 of the carbonate. ‘The proportion, however, thus dis- 
covered, is so small’that it may be considered as an accidental 
ingredient. Independently of water it is constituted, 


Acid. Base. 
According to Dr. Wollaston, of .... 43.7 «56.3 
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The proportions of 1 atom of lime = 28, + 1 atom of 
acid = 22, would require-that it should consist of 
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Carbonate of lime, though scarcely dissolved by pure water, 
is soluble in water saturated with carbonic acid. The most 
striking method of showing this is the following: Add to a 
jar, about one-fourth filled with lime water, a very small quan 
tity of water saturated with carbonic acid. An immediate 
milkiness will ensue, because the carbonic acid forms with the 
lime an insoluble carbonate. Add gradually more and more 
of the water, impregnated with carbonic acid, shaking the 
vessel as these additions are made. At last the precipitate 
will be completely re-dissolved. Hence it appears that lime, 
with a certain proportion of carbonic acid, is insoluble, and, 
with a still larger, again becomes soluble in water. By heat- 
ing the solution of lime in carbonic acid, we do not, as in the 
case of alkaline solutions, obtain a bi-carbonate of lime, which 
is a salt still unknown ; but the lime is thrown down in the 
state of simple carbonate, and the excess of carbonic acid 
escapes into the atmosphere. 
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Borate of lime may be formed by adding a solution of 
boracic acid to lime water. The resulting compound is a’ 
white tasteless powder, which dissolves very sparingly in water. 

Fluate of lime.-—There is a natural product, well known‘in 
Derbyshire, and other parts of the world, under the name of 
. fluor spar, which is worked into a variety of ornaments. It 
most commonly, when crystallized, occurs in cubes, but its 
primitive form is an octohedron. Its’ specific gravity is 3.1%. 
It is perfectly tasteless and insoluble in water. When thrown 
in powder upon a plate of iron heated below redness in a dark 
place, it emits a phosphorescent light. Concentrated stil- 
phuric acid occasions an effervescence by expelling fluoric acid’ 
gas. Berzelius considers it as a compound of 100 fluoric acid 
+ 258.9 lime.* In strictness, however, it is to be regarded as 
a fluoride of calcium, and its composition is probably 100. 
fluorine +- 131.25 calcium. 

Phosphuret of lime is prepared as foilows :—Take a glass 
tube, about 12 inches long, and one-third of an inch diameter, 
sealed hermetically at one end. Let this tube be coated with 
clay, except within about half an inch of the sealed end. Put 
first into ita drachm or two of phosphorus, cut inte small 
pieces, and then fill the tube with small bits of fresh burnt 
lime, of the size of split peas. Stop the mouth of the tube 
loosely with a little paper, in order to prevent the free access 
of air.—Next, heat to redness that part of the tube which is 
coated with clay, by means of a chafing-dish of red-hot char- 
coal; and, when the lime may be supposed to be ignited, apply 
heat to the part containing the phosphorus, so as to sublime it, 
and to bring the vapour of it into contact with the heated lime. 
The lime and phosphorus will unite, and will afford a com- 
pound of a reddish-brown colour. 

If the carbonate of lime be substituted for pure lime, the 
carbonic acid is decomposed. Its carbon is set at liberty, and 
appears in the state of charcoal; while its oxygen unites with 
the phosphorus; and the phosphoric acid, thus produced, 
forms phosphate of lime. In this process, discovered by the 
late Mr. Tennant, carbonic’ acid is decomposed by the con- 


* Ann, of Ph. xy. 282. 
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spiring affinities of phosphorus for oxygen, and of lime for 
phosphoric acid, though the former affinity only would be 
inadequate to produce the effect. 

The phosphuret of lime has the remarkable property of de- 
composing water at the common temperature of the atmo- 
sphere ; and the water afterwards contains phosphite, or hypo- 
phosphite, not phosphate, of lime.* Drop a small piece of 
it into a wine-glass of water, and in a short time bubbles of 
phosphureted hydrogen gas will be produced ; which, rising 
to the surface, will take fire, and explode. If the phosphuret 
of lime be not perfectly fresh, it may be proper to warm the 
water to which it is added. 

Into an ale-glass put one part of phosphuret of eas in 
pieces about ihe size of a pea (not in powder), and add to 
it half a part of chlorate of potassa. Frill the glass with water, 
and put into it a funnel, with a long pipe, or narrow glass 
tube, reaching to the bottom. ‘Through this pour three or 
four parts of strong sulphuric acid, which -will decompose the 
chlorate; and, the phosphuret also decomposing the water at 
the same time, flashes of fire dart from the surface of the 
fluid, and the bottom of the vessel is illuminated by a beau- 
tiful green light. (Davy). , 

hoses and h appetite of lime have not been particu- 
Jarly examined. 

Phosphate of lime derives importance from its being the 
principal ingredient of animal bones, of which it constitutes 
about 86 per cent. It may be obtained by dissolving bones, 
which have been well calcined and then pulverized, in dilute: 
muriatic acid, and precipitating the solution with pure ammo- 
nia. The precipitate, when sufficiently edulcorated, is phos- 
phate of lime, an insipid white powder, insoluble in water, but. 
soluble in diluted nitric, muriatic, and acetic acids, and again 
precipitable, unaltered, from those acids by caustic ammonia. 
At a high temperature, it fuses into an opake white enamel. 
It is constituted, according to Mr. Dalton’s experiments, of. 
49 acid + 51 lime, proportions which authorize us to consider 


* Gay Lussac, 85 Ann. de Chim.-206, and Ann, de Chim, et Phys. vi- 
328. 
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phosphate of lime as consisting of 1 atom of acid = 28, + I 
atom of base = 28, the compound atom being 56. 

Bi-phosphate of lime may be formed by digesting phosphate 
of lime with a quantity of phosphoric acid equivalent to that 
already engaged in the salt. The solution has an acid, and 
somewhat harsh and disagreeble taste. It does not crystallize, 
but forms, when evaporated, a white mass, which attracts 
moisture from the air. Before the blow-pipe it melts into a 
transparent glass, insoluble in water. 

Tri-phosphate of lime.-—This salt, according to Mr. Dalton, 
may be formed by adding pure phosphoric acid to lime water, 
till a commencement of precipitation appears, when the solu- 
tion must be cleared by a drop or two of acid. If the solution 
be evaporated to dryness at a moderate heat, and then dis- 
solved in water again, simple phosphate of lime remains, and 
a quadri-phosphate exists in the solution. 

Quadri-phosphate of lime.—If 100 parts of phosphate of lime 
‘be digested for 24 hours with 87 parts of sulphuric acid, di- 
luted with a sufficient quantity of water, and be then filtered, 
the liquid which passes through contains the whole of the 
phosphoric acid, with only one-fourth of the lime which exist- 
ed in the original salt, the remaining 3ths having formed an 
insoluble compound with the sulphuric acid. The dissolved 
salt is, therefore, a compound of 1 atom of lime = 28, + 4 
atoms of acid = 112. When evaporated, it forms, on cooling, 
pearly scales, which have an acid taste, and dissolve readily 
in water, giving a solution of the sp. gr. 1.44. When dried 
and fused in a crucible, a transparent glass is obtained, com- 
monly called glacial phosphoric acid, and employed chiefly in 
the production of phosphorus. 

Octo-phosphate of lime.—Mr. Dalton is of opinion that a 
compound of 8 atoms of acid and 1 atom of lime is the true 
result of the process described under the last head; and that 
a compound of as many as 12 atoms of acid with one of lime 
may exist, forming a dodecaphosphate. 

Sulphuret of lime may be formed by heating, in a covered 
crucible, one part of sulphur and two of lime. This com- 
pound can exist as such, only when in a solid state, for water 
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decomposes it, and sg eted hydrogen results from’ its 
action. 

Hydro-sulphuret of lime is obtained by transmitting a cur- 
rent of sulphureted hydrogen gas through water in which lime 
is kept mechanically suspended. It is erystallizable, and the 
crystals are colourless and readily soluble in water. 

Hydrogureted sulphuret of lime is formed whenever the sul- 
phuret is dissolved in water, or by boiling together three parts 
of hydrate of lime, one of sulphur, and ten of water. ‘The 
compound has a deep orange colour, and derives importance 
from its use as an eudiometrical test. From the experiments 
of Vauquelin, it seems probable that it is subject toa variety 

_in its proportions, and to corresponding differences in its pro- 
perties. (Ann. de Chim. et Phys. vi.39.) 

Mr. Herschell, by boiling 3 parts of hydrate of lime with 
one of sulphur and 20 of water, and allowing the solution to 
cool on the sediment, obtained crystals, which, when dried by 
sulphuric acid under an exhausted receiver, had the shape of 
quadrilateral prisms somewhat elongated with dihedral sum-~- 
mits. They dissolved sparingly in cold water; the solution 

had only the sp. gr. of 1.0105, was yellow, and had an acrid 

sulphurous taste. The'crystals are constituted of 2 atoms of 
lime, two of sulphur, + one of hydrogen, (forming bisul- 
phureted hydrogen,) and four of water. When these crystals 
are ground with sulphurous acid, its smell disappears, and 
hyposulphite of lime is formed. 

Hypo-sulphite of lime.— By passing a current of sulphurous 
acid gas through a solution of the hydrogureted sulphuret of 
lime, the whole of the acid gas is converted into hypo- 
sulphurous acid. When this solution is boiled down to a 
certain degree of consistence, sulphur and sulphite of lime 
separate abundantly. The solution, evaporated at a tempera- 
ture not exceeding 130° or at most 140° Fahr., and filtered 
while hot, yields on cooling large and very beautiful crystals, 
which affect a variety of complicated forms. 

These crystals are hyjo-sulphite of lime. 'They are very 
soluble in water, which, at 37° Fahr. dissolves nearly its own 
weight, during which the ficridathellt falls to 31°. The 
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specific evavity of the solution, saturated at 50°, is 1.300. The: 
crystals are not altered by exposure to air of the usual hu-. 
midity; but when dried by sulphuric acid in vacuo, or at 100% 
Fahr. in the air, they become covered with a white efflo- 
rescence, which destroys their lustre without altering their 
figure. ‘They are insoluble in alcohol of sp. gr. 0.823, which. 
precipitates them from their watery solution. . By an analysis 
very carefully and skilfully conducted, Mr. Herschell found 
them to be composed of 


Atoms. 
Hypo-sulphurous acid .... 36.71 = 2 = 48 
TMCS. Ss ac ace n'a" eoeeee ee SEvqt = 1 —d 28 


Water waativscnliee oictadedia 41. 58se=) Ge ssh 54- 


100. 130. 


Or they consist (exclusive of water) of two atoms of acid. 
united with one of base, the acid being composed of oxygen 
and sulphur atom to atem. (Edinburgh Phil. Journ. i. 17.) 
In strictness, therefore, this salt is a Lin-hyposulphite. 

Sulphite of lime may be obtained by passing a current of 
sulphurous acid through water in which carbonate of lime is 
kept mechanically suspended. If the sulphurous acid be in 
excess, the resulting salt is soluble, and its solution, when 
evaporated, crystallizes on cooling in six-sided prisms, termi- 
nated by long six-sided pyramids. It is at first almost tasteless, 
but when kept in the mouth has a sulphureous flavour. It 
requires for solution about 800 parts of water. By exposure 
to the air, the surface of the crystals is changed into sulphate 
of lime, and the same conversion is rapidly effected by heating 
it. It is constituted of 


ACI®G. os one) tis. Bean 54.29 
Lime eooseoeoew@eoovoevesev es 9 & 45.71 


100. 
Sulphate of Lime. | 


Sulphate of lime may be formed, by adding to the car- 
bonate a sufficient’ quantity of sulphuric acid; and by gently 
calcining the residue, to expel the redundancy of the latter 
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acid. It is also found native, in great abundance, under the 
names of gypsum, plaster of Paris, &c. 

It has the following properties : 

1. It is insipid Ee free from smell. 

2. It is difficultly soluble, requiring 500 times its weight of 
cold water, or 450 of hot water. 

3. It is fusible by a moderate heat. When sulphate of 
lime, which has been dried at 160° Fahrenheit, is exposed to 
a low red-heat, 100 grains lose 22 according to Berzelius, 
or 21 according to Bucholz, consisting entirely of water. 
After calcination, it absorbs water rapidly, and forms a good 
cement. 

4. It is decomposed by alkaline carbonates, a double ex- 
change of principles ensuing. Hence the milkiness which 
ensues on adding carbonate of potassa to many spring waters ; 
the carbonate of lime, which is generated, being less soluble 
than the sulphate. Hence, also, hard waters, which always 
contain sulphate of lime in solution, curdle soap, the alkalt 
of which is detached by the sulphuric acid, and the oil is set 
at ty. 

. It is decomposed by ignition with charcoal, which sepa- _ 
rates the oxygen of the sulphuric acid, and leaves a combina- 
tion of lime with sulphur. 

By dissolving 100 grains of calcined sulphate of lime in 
boiling distilled water, and adding muriate of barytes, I ob- 
tained a precipitate, which, when well washed, dried, and 
calcined in a low red-heat, weighed 175.9. Hence 100 parts 
of calcined sulphate of lime must contain very nearly 


Acid. Base. 
According to the above experiment.... 59 ... 41 
Thomson and Berzelius.. 58 ... 42 
——-———. Klaproth.............. 57.63... 42.37 
———_————= ‘Dalton .......,++c00+e- 989.60... 41.40 


It consists, therefore, of an atom of lime = 28, united 
with an atom of acid, = 40, and its equivalent number 
is 68. 

Seleniate of lime.—Selenic acid is capable of uniting with 
lime in two different proportions, forming a seleniate and a 
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biseleniate; but these salts have no particularly interesting 
properties. 

Ferro-cyanate of lime.-—This compound, which is useful as 
a test of iron, may be formed by adding powdered prussian 
blue to lime water, till the lime no longer alters paper stained 
with turmeric. If this effect be still slightly produced, a little 
more prussian blue may be added, and the mixture boiled a 
short time and filtered. The filtered liquor has a greenish 
yellow colour, and an unpleasant bitterish taste. Its specific 
gravity is 1.005. When evaporated, it yields small crystal- 


line grains, which dissolve sparingly in water, and are insoluble 
in alcohol, 


SECTION V. 
Barium. 


Barium was obtained by Sir H. ‘Davy by distilling its 
amalgam, which had been formed in the following manner. A 
quantity of native carbonate of baryta was made into a paste 
with water, and placed on a tray of platinum; a cavity was 
made in the paste to receive a globule of mercury, which was 
rendered negative, at the same time that the platinum was 
made positive by means of a Voltaic battery, containing about 
100 double plates. Ina short time, an amalgam was formed 
consisting of mercury and barium. This amalgam was in- 
troduced into a little tube made of glass free from lead, 
which was bent into the shape of a retort, then filled with 
the vapour of naphtha, and hermetically sealed. Heat was 
then applied to the tube, till all the mercury was driven off. 

The residuum. of this distillation was a dark grey metal, 
with a lustre inferior to that of cast iron. At the ordinary 
temperature of the air it remained a solid; but became fluid 
at a heat below redness. It did not rise in vapour, till 
heated nearly to redness,.and then acted violently sail the 
glass. 

When exposed to the air, this substance rapidly soatiiabedle 
and fell into a white powder, which was baryta. When this 
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process was conducted in a small portion of air, the oxygen: 
was absorbed ; and the nitrogen remained unaltered. A por- 
tion of it thrown into water acted upon it with great violence, 
and sank to the bottom, producing baryta, and evolving 
hydrogen gas. | 

The quantities obtained were too minute for an examination 
either of its physical or chemical qualities. It sank rapidly 
in water, and even in sulphuric acid, though surrounded by 
globules of hydrogen equal to two or three times its volume. 
Hence it is probable that it cannot be less than four or five 
times as heavy as water. It was flattened by pressure, but- 
required considerable force for this effect. 

The proportion of the components of baryta Sir H. Davy 
deduces to be 89.7 barium and 10.3 oxygen percent. ‘he 
determination of Berzelius nearly agrees with this, viz. 


Barigm.:..sicj0as0 vos SOU pase veel) OOOO 


Oxygen te .uie ae 4 10.48 * 65. « 2.6), AASGD 
100. 111.69 


If then the protoxide of barium be, as is most probable, 
composed of an atom of the metal united with an atom of 
oxygen, the atom of barium will be represented by 69.6, for . 
10.3 : 89.7 :: 8: 69.6. In round numbers 70 may be — 
as the equivalent of barium and 78 of baryta. 

Baryta may be obtained for experimental purposes from 
the nitrate or carbonate of that earth in the manner which 
will presently be described. It exhibits, when pure, the 
following properties. 

1. Baryta, in apure form, hasa sharp caustic taste; changes 
vegetable blue colours to green; and serves as the intermedium 
between oil and water. In these respects, it bears a strong 
resemblance to alkalis. 

2. When exposed to the flame of the blow=pipes on. char- 
coal, it melts; boils violently; and forms small globules, which 
sink into the charcoal. After being kept in fusion in a cru- 
cible during ten minutes, it still, according to Berthollet, con- 
tains 9 per cent. of water; from theory it should contain 10.59 
per cent. This, however, is true only of barytes which has 
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been obtained from the carbonate, by a process to be described 
hereafter. Baryta, procured by decomposing the nitrate of 
that earth, is not fusible, and appears to contain little if any 
yer i 

. If a small quantity of water be added to recently pre- 
aie baryta, it is absorbed with great rapidity ; prodigious 
heat is excited; and the water is aatielhe tely solidified, a sort 
of hard cement being obtained. A little more water converts 
this mass into a light bulky powder; and, when completely 
covered with water, the baryta is dissolved, Boiling water 
should be employed for this purpose; unless sufficient tem- 
perature has heen produced, by the sudden addition of the 
whole quantity necessary for solution. 

4. When the solution, prepared with boiling water, is 
allowed to cool slowly, it shoots into regular cr yaad! These 
have the form of flattened hexagonal prisms, having two broad 
sides, with two intervening narrow ones; and terminated, at 
each end, by a quadrangular pyramid. They lose, accordin 
to Bucholz, half their weight of water in a red heat; the 
baryta then continues fused, and parts with no more water, 
though still combined with the proportion above stated. Mr. 
Dalton, from his experiments, infers that the crystals contain 
30 baryta and 70 water per cent., which would make them 
consist of 1 atom of baryta + 20 atoms of water. 

5. The crystals are so soluble, as to be taken up, when 
heated, merely by their own water of crystallization. When 
exposed to a stronger heat, they swell, foam, and leave a dry 
white powder, amounting to about 47 parts from 100 of the 
crystals. This again combines with water with great heat and 
violence. At 60° of Fahrenheit, an ounce measure of water 
dissolves only 25 grains of the crystals, 7. e. they require for 
solution, 174. times their weight of water. Exposed to the 
atmosphere, they effloresce, and become pulverulent. 

6. When added to spirit of wine, and heated in a spoon 

over a lamp, they communicate a yellowish colour to its flame. 

7. The specific gravity of this earth, according to Four- 
croy, is 4; but Hassenfratz states it at only 2.374. The 


* Nicholson’s Journal, xxiii. 281. 
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former account, however, is the more probable. All its com- 
binations have considerable specific gravity; and hence its 
name is derived, viz. from the Greek word Sp, signifying 
heavy. 

8. Baryta does not unite with any of the alkalies. 


Peroxide of Barium. 

Barium has been shown, by Gay Lussac and Thenard, to 
be capable of uniting with an additional atom of oxygen to 
that contained in baryta; for when that earth, prepared from 
the nitrate, was ignited in oxygen gas, the gas was rapidly 
absorbed, and a grey compound was formed, glazed on its 
outer surface. This compound may be called deutoxide or 
peroxide of barium ; and it appears to be constituted of one 
atom of the metal = 70, + 2 atoms of oxygen = 16, toge- 
ther 86. To prepare the peroxide, Thenard recommends 
that the nitrate of baryta be ignited in a retort of white porce- 
lain {one of Wedgwood’s ware is well adapted to the pur- 
pose) till oxygen gas ceases to be evolved. ‘The product, 
hastily broken into fragments about the size of a hazle nut, is 
to be put into a well-luted green glass tube, which is to be 
placed horizontally in a furnace, and heated to dull redness. 
A current of oxygen gas, dried by having first been passed 
over quicklime, is then to be transmitted through the tube, 
and continued 10 or 15 minutes. The gas is pitty absorbed, 
and a greyish white substance obtained, which is the peromide, 
the cited employed by Thenard in giving an additional 
proportion of oxygen to water. (See page 262.) 


Chloride of Barium. 


Chloride of barium may be formed by heating pure baryta 
in chlorine gas, each measure of which disengages half a mea- 
sure of oxygen gas from that earth. Or when baryta is heated 
in muriatic acid gas, the gas disappears, and the chloride, which 
is produced, becomes red hot. But for purposes of experi- 
ment, this salt is best prepared, by dissolving either the arti- 
ficial or native carbonate in muriatic acid much diluted; or, 
if neither of these can be had, the sulphuret. The iron and 
lead, which are occasionally dissolved, along with the baryta, 
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may be separated by the addition of a small quantity of liquid 
ammonia, or by boiling and stirring the solution in contact 
with a little lime; or, which is still better, by solution of baryta 
in water. When filtered and evaporated, the solution yields 
regular crystals, which have most commonly the shape of 
tables, bevelled at the edges, or of eight-sided pyramids, ap- 
plied base to base. These crystals dissolve in five parts of 
water, at 60°, or ina still smaller quantity of boiling water; 
and also in alcohol. ‘They are not altered by exposure to the 
atmosphere; nor are they decomposed, except partially, by a 
high temperature. The sulphuric acid separates the muriatic ; 
and the salt is also decomposed by alkaline carbonates and 
sulphates. 

Fifty grains of chloride of barium first ignited, and then 
dissolved and precipitated by nitrate of silver, give, according 
to Berzelius 68 grs. of luna cornea. The dry salt Sir H. Davy 
considers as a compound of 1 atom of barium = 70 + 2 
atom of chlorine = 36; hence its representative number is 
106, and it consists of 

PCB OFIG wha tn geben eee ce OM 
BOALIET ae it ets ie cee k. GO 
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Muriate of baryta, formed by the action of water on the 
chloride, must therefore be constituted of 1 atom of muriatie 
acid = 37, + 1 atom of baryta = 78, andits equivalent must 
be 115. Hence it should consist, when crystallized, of 


OTL sc) oO ora 27.82 = 1 atom 
Baryta.......... 58.47 = 1 atom 
Water. ...0:.0.+e0 13:71. = 2 atoms 


100. 

These numbers do not exactly agree with the experimental 
results of Aikin and Berzelius, which state its composition 
as follews : | 

Acid. Base. Water. 
According to Mr. Aikin .... 22.93 .... 62.47 .... 14.6 
—_—_———-- Berzelius. ......23.35 .... 61.85 .... 148 


The analysis, therefore, requires to be attentively repeated. 
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Chlorate of Baryta.-—To prepare this salt; chlorine gas 
must be received into a warm solution of baryta in water, till 
the baryta is saturated. The solution is to be filtered, and 
boiled with phosphate of silver, which decomposes the com- 
mon muriate of baryta, and at the same time composes two 
insoluble salts, phosphate of baryta, and chloride of silver. 
Vauquelin finds the addition of acetic acid recommended by 
Chenevix, objectionable, and that the compounds of chloric 
acid are liable, if acetic acid has been employed, to detonate 
violently when heated. To judge when enough of the phos+ 
phate of silver has been used, add to a portion of the filtered 
liquor, a few drops of nitrate of silver, which, in that case, 
ought not to disturb its transparency. If too much phosphate 
of silver has been used, a drop or two of muriatic acid will 
discover it, and, in that case, the cautious addition must be 
made of some of the original solution, set apart for the pur- 
pose, to which no phosphate of silver has been added. It is 
from solution of chlorate of baryta, thus carefully prepared, 
that chloric acid is obtained by the intervention of sulphuric 
acid, as described page 219. 

Chlorate of baryta has the form of four-sided prisms ; its 
taste is pungent and austere; it requires for solution about 
four times its weight of water, at 50° Fahrenheit; and its 
solution, when pure, is not precipitated either by nitrate of 
silver or muriatic acid. By a red heat, it loses 39 per cent., 
and the residue is alkaline. From calculation it should con- 
sist, besides water, of 


Jiafomr of Daryta’... eae a1 Oe nm. ee. 
1 do. of chloric acid.... 76. °.... 49.4 


154. 100. 


Iodide of barium may be formed by evaporating and igniting — 
the hydriodate of baryta. The hydrogen of the acid unites 
with the oxygen of the earth, and the iodine with its metallic 
"base. 

 * Hydriodate of baryta is extremely ebtubhé in water, and 
rather deliquescent. It crystallizes in very small prisms, which 
are decomposed by mere exposure to the atmosphere into 


“SECT. V. * BARIUM. 577 


water, a salt with excess of iodine, and carbonate of baryta. 
When ignited in close vessels, it is converted into iodide of 
barium. It is constituted of 100 acid + 60.62 baryta. 

Jodate of baryta is an extremely insoluble salt. It may be 
formed by adding iodine to solution of baryta, from which the 
iodate precipitates in the state of a white powder, and may be 
edulcorated by washing with distilled water. When strongly 
heated, oxygen and aby are evolved from it, and baryta 
remains. It consists of 100 acid + 46.34 base. 


Nitrate of Baryta. 

Nitrate of baryta may be prepared, by dissolving either 
the artificial or native carbonate in nitric acid, diluted with 
eight or ten parts of water. If the artificial carbonate be 
employed, it should ‘be previously well washed with distilled 
water, till the washings cease to precipitate nitrate of silver. A 
solution of nitrate of baryta, mixed with one of nitrate of silver, 
should continue perfectly transparent. On evaporation, it 
yields regular octahedrons, often adhering to each other in 
the form of stars; and sometimes it is obtained in small bril~ 
liant plates. It requires for solution 12 times its weight of 
water at 60°, and three or four parts of boiling water. - It is 
not altered by exposure to the air. Ina red-heat, its acid is 
decomposed, and the earth remains pure. ‘This furnishes 
another method of procuring pure baryta; but the heat must 
not be carried too far, otherwise the baryta is apt to vitrify 
with the crucible. The residue, on the addition of water, 
dissolves with great heat and noise, and the solution, on cool- 
ing, yields crystals of pure baryta. 

Nitrate of baryta consists of 

Acid. Base. 

According to Clément and Desormes.. 40 .... 60 

Mr. Jas. Thomson..... 40.7. .... 59.3 


= Perens. oo sce as vile 41.54 eeee 58.46 
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Carlonale of Baryta. 


Pure baryta has a very powerful affinity for carbonic acid, 
as may be shown by exposing a solution of the earth in water 
to the atmosphere. It will soon be covered with a thin white 
pellicle; which, when broken, will fall to the bottom of the - 
vessel, and be succeeded by another. This may be continued, 
till the whole of the baryta is separated. The effect arises. 
‘from the absorption of carbonic acid, which forms with baryta 
a compound, viz. carbonate of baryta, much less soluble than 
the pure earth. Or if the air from the lungs be blown by 
ameans of a quill, or glass tube, through a solution of baryta, 
the solution will immediately become milky, in consequence 
of the production of an insoluble carbonate. The same effect. 
will be produced by mingling, with a solution of pure baryta, 
a little water impregnated with carbonic acid. In this case, 
also, an immediate PIPPI GP of carbonate of baryta will 
ensue. 

Baryta has so strong an affinity for carbonic acid, as even 
to take it from other bodies. If to a solution of a small por- 
tion of carbonate of potassa, of soda, or of ammonia, we add 
the solution of baryta, the earth will detach the carbonic 
acid from the. alkali, and will fall down in the state of a 
carbonate. By adding a sufficient quantity of a solution of 
baryta in hot water, the whole of the carbonic acid may thus 
be removed from a carbonated alkali; and the alkali will 
remain perfectly pure. : 

Carbonate of baryta has the following properties : 

1. It is nearly insoluble in water, which, at 60°, does not 
take up more than ;,';, part, or, when boiling, about =. 
Water impregnated with carbonic acid dissolves <+,th. 

2. Carbonate of baryta is perfectly tasteless, and does not 
alter vegetable blue colours. It acts nevertheless as a violent 
poison. 

3. The combination -of carbonic -acid wi baryta may 
either be produced artificially, as in the manner already de- 
scribed, and.by other processes, to be detailed in the sequel, 
in which case it is termed, the artificial carbonate: or it may be 
procured, ready formed as a natural product, and is then called. 
the native carbonate. The largest quantity, hitherto discovered, 
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is ina mine, now no longer worked, at Anglezark, near Chorley, 
in Lancashire, but it is also found in several other places. 
The following table shows the experimental results of its 
analysis by various chemists. 
Carb. acid. Baryta, 
Fito Veis OL at. IR os utes coca chet l ome «18-59 
witht BG OS. VBA elaine Eredar debag’ | ees bball By) 
Klaproth and Rose...... 22.00 .... 78.00 
te tore ae ee, BLO: aes TOO 
BVP ey vee ucla hsOU save) 13040 
Dr. Wollaston (from theory) 22.09 .... 77.91 


Carbonate of baryta appears then to be constituted of 1 ator 
of base and 1 atom of acid. Hence it ought to consist of 


BAT WOO cise. ese sis 48 78. @eeeee#e¢?es 100 
Carborte acid. oicce GR 22 o int Sel 28. ot 


100, ° 128.54 


_ When 100 grains of the carbonate are dissolved in nitric 
acid, and precipitated by a sulphate, they afford, according 
to Berzelius, 118.6 or 119 grains of sulphate of baryta. 

5. Carbonate of baryta is decomposed by an intense heat; 
its carbonic acid being expelled; and the baryta remaining 
pure. The artificial carbonate is most readily decomposed ; 
but the native one is generally employed for obtaining pure 
baryta, because it may be had in considerable quantity. ‘The 
process, which I have found to answer best, is nearly that of 
Pelletier. Let the native carbonate be powdered, and passed 
through a fine sieve. Work it up with about an equal bulk 
of wheaten flour into a ball, adding a sufficient quantity of 
water. Fill a crucible of proper size, about one third its 
height, with powdered charcoal; place the ball on this; and 
surround and cover it with the same powder, so as to prevent 
its coming into contact with the sides of the crucible. Lute 
on a cover; and expose it, for two hours, to the most violent 
heat that can be raised in a wind furnace. Let the ball be 
removed when cold. On the addition of water, it will evolve 
great heat, and the baryta will be dissolved. The filtered solu- 


* 78 Ann. de Chim. 29. 
or 2 
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tion, on cooling, will shoot into the beautiful erystals already 
described p. 573. 

6. Carbonate of baryta is decomposed by the sulphuric, 
nitric, muriatic, and various other acids, which detach the 
carbonic acid, and combine with the earth. 

Borate of baryta is an insoluble white powder, which has 
not been particularly examined. 

Phosphite of laryta may be obtained by adding muriate of 
baryta to phosphite of ammonia. No immediate precipitation 
ensues, but in 24 hours the glass is covered with a crust of 
phosphite of baryta, which may be edulcorated by water. 
According to Berzelius it is constituted of 


Phosphorous HEI Es Gb EN » 24.31 

a sare eRe bea 67.24 

Water eeeeee * e eoeeoeeeeees @ 8 45 
100. 


This analysis renders it probable that its true constitution 

s 1 atom of acid = 20, + 1l/atom of base = 78, + 1 atom 
of water = 9, and that its equivalent number is the sum of 
these 107. 

Hypo-phosphite of baryta is a very soluble salt, crystallizable 
with difficulty. (Dulong, Ann. de Chim. et Phys. ii. 142.) 

Phosphate of baryta. Phosphoric acid and baryta combine 
in ‘various proportions. : 

‘The first or neutral phosphate of baryta is formed by mixing 
solutions of muriate of baryta and phosphate of soda. An 
insoluble precipitate is obtained, which, when edulcorated and 
dried, contains according to Berzelius, 


Phosphoric acid ...... 31.8 .... 100.00 
Baryias.. OA OME oTey ee eae 


7 1 EOO. 
“But if, as is probable, the phosphate ‘consists of 1 atom of 
acid + 1 atom of base, it ought to be composed of | 
Phosphoric acid.... 28. .... 26.62 .... 100. 
Baryta....seeeeees 78. +++ 73.38 2... 280. 


106. 100. 


SECT. Vs. BARLUMs Sel. 


By dissolving phosphate of baryta in phosphoric acid, and. 
evaporating the clear. solution, Berzelius obtained white crys- 
tals, which had an acid taste, and reddened vegetable blues. 
They are probably constituted of 2 atoms of acid =:56 + 1 
atom of base = 78, together 134; and may therefore be con- 
sidered as the li-phosphate. 

When a solution of these crystals.is poured into alcohol, 
a bulky precipitate falls, which is white and. tasteless. It 
appears to be constituted of 2 atoms of base and 3 of acid, 
or 1 of the former and 14 of the latter, and hence may be 
called a sesqui-phosphate. 

Besides the above compounds, Berzelius has described two 
sub-phosphates of baryta. (Ann. of Phil. xv. 277.) 

Sulphite of baryta may be formed by, mixing sulphite of 
potassa and muriate of baryta. An insoluble compound is 


formed of 
Fs I RS eR? RS |, OI RS 5 SY, 


TAC ie sates 70.74 eeeereeoes ph ee 


100. 

Aypo-sulphite of baryta may be obtained by adding muriate 
of baryta to a concentrated solution of hypo-sulphite of lime. 
It forms a white shining scaly powder, slightly soluble in 
water. According to Mr. Herschell, who alone has described 
it, it Is a compound of 2 atoms of hypo-sulphurous acid = 48, 
+ 1 atom of base = 78, and its equivalent number there- 
fore is 126. 
Sulphate of Baryta. 

_ Baryta has a more powerful affinity than any other base for 
sulphuric acid, and its combination with that acid may there- 
fore be effected with great facility, either by dropping the 
watery solution of baryta into diluted sulphuric acid, or into: 
the solution of any of the alkaline sulphates. The new com- 
pound is extremely difficult of solution, requiring at least 
43,000 times its weight of water, and it is not sensibly more 
soluble in hot than in cold water. In sulphuric acid, when 
concentrated and heated, it dissolves, but is again precipitated. 
on pouring the solution into water. 

It is owing to these properties that baryta and several of its 
salts are. so much employed as tests of sulphuric acid, and as 


= 


562 : OF METALS. CHAP. IX. 


means of separating that acid from its combinations. By 
collecting the precipitate, first well edulcorated, then drying, 
igniting, and weighing it, and allowing 34 per cent. (a number 
which I have been decided to adopt, since the foregoing sheets 
were printed) of its weight for real sulphuric acid, we learn the 
quantity of acid in any sulphate. This estimate is founded, not 
only on the theoretical constitution of the salt, viz. 1 atom of 
acid + 1 atom of base, but on the coincidence of this with the 
best anslyses. ‘The following Table exhibits the experimental 
results of several chemists. Sulphate-of baryta contains, 


Base. Acid. 
According to Klaproth ........ 66.55 .... $3.45 
- Mr. A. Aikin* ... 66.04 .... 33.96 
—_—__—_————- Mr. J. Thomson +. 66.96 .... 33.04 
——_——_——-- Berthollett....... 66.50 .... 33.50 
—- Berzelius§....... 65.69 .... 34.31 


Its composition, deduced from the atomic weight of its in- 
gredients, is as follows : 
Daryta. in. oan voce 101004 6 G5O1 2 2a 500 
Sulphuric acid.... 40 .... 34.09 .... 51.7 


118. 100. 

Sulphate of baryta is decomposed by alkaline carbonates, 
either by fusing a mixture of one part of the finely powdered 
sulphate with three of carbonate of potassa or soda, or. by 
boiling together the pulverized sulphate and a solution of car- 
bonate of jotassa. Respecting this decomposition some cu- 
rious facts have been ascertained by Dulong and by Mr. R. 
Phillips. When sulphate of baryta is boiled, for two hours, 
in contact with precisely its equivalent quantity of carbonate 
of potassa, (that is, with the quantity which ought, from theory, 
to produce entire decomposition), only one fourth of the sul- 
phate of baryta is converted into carbonate. Reversing the 
process, and boiling together equivalent quantities of car- 
bonate of baryta and sulphate of potassa (the mutual decom- 
position of which could not have been expected from the 
established order of affinities) it was found that, out of 85 

* Nicholson’s Journal, xxii. 301. + Ibid. xxiii. 174. 
} Memoires d’Arcueil, 1. § 79 Ann. de Chim. 138; 
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parts of carbonate of baryta, 57 had been changed into: sul- 
phate. It is obvious, therefore, that the entire decomposition. 
ef sulphate of baryta by carbonate of potassa can never be. 
expected, so long as the carbonate of baryta, formed by the. 
mutual action of these two salts, remains in contact with the 
sulphate of potassa generated at the same time ; for this will 
re-convert the carbonate of baryta intosulphate. Nor will any 
quantity of carbonate of potassa, that can be employed, be ade- 
quate to the entire decomposition of the sulphate of baryta. 
By this process carbonate of baryta may, however, be 
procured in sufficient quantity for the purpose of preparing 
the pure earth, and its various salts, when the native carbo- 
nate cannot be had in sufficient abundance. ‘The sulphate is 
- found, in considerable masses, accompanying lead ore, im 
Derbyshire and other parts of England, where it is known by 
the names of cawk, ponderous spar, &c. The native sul- 
phate is extremely heavy, having the specific gravity of 4.7. 
It occurs either'in amorphous masses, or crystallized in a. 
variety of forms, its primitive figure being a rhomboidal 
prism, the angles of which are 101° 42’ and 78° 18’.. When. 
applied to the purpose of obtaining the carbonate of baryta. 
it is to be finely powdered, mixed with three or four times its 
weight of carbonate of potassa, and boiled with a proper quan- 
tity of water for a considerable time, in an iron kettle, stirring 
it, and breaking down the hard lumps, into which it is apt te 
vun, by an iron pestle. It is then to be washed with boiling 
water, as long as this acquires any taste. On the addition of 
dilute muriatic acid, a violent effervescence will ensue, and a 
considerable portion of the earth, probably along with some 
metals, will be dissolved. To. the saturated solution, add 
solution of pure baryta in: water, as long as it disturbs the 
aransparency of the liquor. This will x ol down any metals. 
that may be present; and the excess of baryta may afterwards. 
be precipitated in the state of a carbonate, by a stream of 
carbonic acid. Decompose the muriatic solution by any alka- 
line carbonate; let the precipitated earth be well washed with 
distilled water ; and if the pure baryta is to be obtained from 
it, let it be treated as directed page 579. 
Sulphate of baryta is also decomposed when strongly 


ignited with one sixth of its weight of powdered charcoal, 
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which abstracts the oxygen of the sulphuric acid, and leaves. 
a combination of sulphur and baryta. Trom this, the baryta 
may be removed by muriatic acid, as already directed, and 
the muriatic solution be decomposed by carbonate of potassa. 

The sulphate of baryta, when decomposed by charcoal, 
affords one variety of solar phosphorus.. This phosphorus 
has been called, from the place where the sulphate is found 
from which it was first prepared, the Bolognian phosphorus. 
The native sulphate, powdered after being ignited, and finely 
sifted, is to be formed into a paste with mucilage of gum 
arabic, and divided into cylinders or pieces of one fourth of 
an inch in thickness. These, after being dried in a moderate 
heat, are to be exposed to the temperature of a wind furnace, 
placed in the midst of the charcoal. When the fuel is half con- 
sumed, it must be replenished, and suffered to burn out. The 
pieces will be found, retaining their original shapes, among the 
ashes, from which they may be separated by the blast of a pair 
of bellows. They must be preserved in a well-stopped phial. 

This kind of phosphorus, after being exposed a few minutes. 
to the sun’s rays, shines in the dark sufficiently to render 
visible the dial of a watch. This property is lost by repeated 
use, in consequence of the oxygenation of the sulphur; but it 
may be restored by a second calcination. 

Seleniate of baryta.—Selenic acid is capable of uniting with 
baryta in two proportions. The neutral salt, which is inso- 
juble, consists of 100 acid + 137.7 base; the Ji-seleniate, 
which crystallizes in round transparent grains, and is soluble 
in water, is composed of 100 acid + 68 base. 

Ferro-cyanate of baryta may be formed by adding prussian 
blue to a heated solution of baryta ‘in water, till it ceases to 
be discoloured. The filtered solution deposits yellowish crys- 
tals, which have the figure of rhomboidal prisms, and are 
soluble in 1920 parts of cold, or 100 parts of boiling water. 
They dissolve in nitric and muriatic acids. Mr. Porrett, who 
has analyzed them, states them to consist of 


De SE RO ee eevee » 34.31 — 
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Hence this salt must be constituted of 1 atom of acid = 54, 
+ 1 atom of base = 78, + 2 atoms of water = 18, and its 
equivalent number will be 150. 


SECTION VI. 


Of Strontium. 


Strontium may be procured by exactly the same process 
as barium, substituting the native carbonate of strontia for 
that of baryta. It was first obtained by Sir H. Davy in 1808, 
but in very minute quantities. It resembles barium, has not 
a very high lustre, is difficultly fusible, and not volatile. It is 
converted into strontia by exposure to air, or by contact with 
water. 

Strontia. 

According to Stromeyer, 100 of strontium combine with: 
18.107 of oxygen, which numbers are in the proportion very 
nearly of 4410 8.* Dr. Thomson, from his experiments, 
deduces 65 for the weight of the atom of strontia, oxygen 
being 10, corresponding with 52 when hydrogen is taken as 
unity ; and from this, deducting 8, we again obtain 44 for the 
atom of strontium. With this result, that of Berzelius 
agrees so nearly, that it will probably be near the truth to 
consider strontia as represented by 52 and its base by 44. 
Hence strontia will consist of ; 


Strontium ........... 84.54 .... 100 
Oxygen eeeveoe eee ese 8 15.46 eee 18.3 


100. 


Properties of Strontia. 
Strontia (so called from Strontian in Scotland, where it was 
first discovered in combination with carbonic acid) may be: 
prepared either by. subjecting the carbonate toa strong heat in 


* Ann. de Chim. et Phys. i. $97. + Ann. of Phil. xv. 5. 
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a crucible, or by igniting the nitrate in a porcelain retort or other 
close vessel. A grey substance remains, which becomes very 
hot on the affusion of water; and when more water is added, 
and heat applied, a considerable proportion of the earth is 
dissolved. On cooling, the solution depesits regular crystals : 
but the shape of these differs considerably from that of barytic 
crystals. ‘The crystals of strontia. are thin quadrangular 
plates, sometimes square, oftencr parallelograms; not exceed- 
ing in length, and not reaching in breadth, a quarter of an 
inch. Sometimes their edges are plain, but they oftener 
consist of two facets, meeting together, and forming an angle 
like the roof of a house, ‘They adhere to each other in such 
a manner as to form a thin plate, of an inch or more in length,. 
and half an inch in breadth. Sometimes they assume a cubic 
form. | 

These crystals undergo, by the action of heat, much 
the same changes as those of baryta; and leave only about 
32 per cent. of the dry earth. One part of the. crystals re- 
quires about 514 of water at the temperature of 60° for solu- 
tion, but boiling water takes up half its weight. Mr. Daltow 
‘supposes the crystals to consist of 1 atom of strontia and 12 
atoms of water. 

Boiling alcohol, with the addition of these crystals, burns 
with a blood red flame. : 

Strontia does not combine with alkalis. Baryta has no 
affinity for it; for no precipitation ensues, on mixing the watery” 
solutions of the two earths. 

From the preceding enumeration of its characters, it ap- 
pears that strontia differs from baryta in the form of its crys- 
tals, which contain. also more combined water, and are less 
soluble than those of baryta; and also in affording, with 
alcohol, a flame of different’ colour. ‘These distinctions were 
deduced by Dr. Hope, from his excellent series of experi- 
ments on the two earths.* Other circumstances of dis- 
tinction, derived from the properties of their respective salts, 
will be stated hereafter. 

Chloride of Strontium may be formed either by heating 


*° Edinb. Trans. vol. iv. 
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strontia in chlorine gas, which disengages oxygen; or by dis- 
solving carbonate of strontia in muriatic acid, and evaporating » 
to dryness. The product is a compound, according to Dr. 
‘Thomson, of 55 strontium to 45 chlorine, which are as nearly 
as possible in the proportion of 44 to 36, numbers agreeing with 
the weights of their respective atoms.. When the chloride 
is converted into a muriate by the action of water, the result- 
ing compound must, therefore, consist of 52 strontia + 37 
acid. Hence we have the composition of these two salts as 
follows: 

Strontium ......... 55.04 


Chloride of strontium f 
Chlorine .). 4%. . « «tay 44096 


100. 
PIEYOVEING sels a cone Dae 


MOM es de SL. 


100. 

Miurtate of strontia crystallizes in long slender hexagonal 
prisms, which are soluble in two parts of water at 60°, and 
to almost any amount in boiling water. In a very moist 
atmosphere, they deliquiate. They dissolve: in alcohol, 
and impart to it the property of burning with a blood-red 
flame. 

Chlorate of strontia may be obtained by the direct action 
of chloric acid on carbonate of strontia. It is a deliquescent 
salt, having an astringent taste, and communicating to the 
flame of alcohol a fine purple tint. 

Hydriodate of strontia is extremely soluble, and crystallizes 
in very slender prisms. Heated a little below redness in a 
close vessel, it is transformed into iodide of slronttum. 

lodate of strontia is an insoluble compound, _ requiring 
seme hundred parts of water for solution. Ata red heat it is 
decomposed into oxygen, iodine, and strontia. 

Nitrate of strontia. This salt may be obtained in the same 
manner as the nitrate of baryta. Its crystals are dissolved by 
their own weight of water at 60°, or by little more than half 
their weight of boiling water. When applied to the wick of 
a candle, or added to boiling alcohol, they communicate to 
the flame a deep blood-red colour. They are decomposed by 


Muriate of strontia. 
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a high temperature, and afford pure strontia. Exclusive of 
water, the salt consists, according to Richter, of 51.4 acid) + 
48.6 base; or, according to Stromeyer, of 50.62 acid + 49.38 
base. The proportions deducible from the weights of the 
atoms of its ingredients are 51 acid + 49 base. 

Carbonate of strontia. The relation of strontia to carbonic 
acid resembles, very nearly, that of baryta; and all the expe- 
riments, directed to be made with the: solution: of the latter 

earth, may be repeated with that of strontia, which will ex- 
hibit similar appearances. 

The carbonate of strontia requires for solution 1536 parts 
of boiling water. It is found native, but containing a little 
carbonate of lime, at Strontian in Argyleshire; and may, also, 
be prepared by artificial processes, which will be afterwards 
described... From this carbonate pure strontia may be ob- 
tained, by treating it in the same manner as was directed for 
the calcination of carbonate of baryta. (See p. 579.) 

The artificial carbonate, according to Stromeyer,* does not 
essentially contain any water. It consists of 


MOLQONICIA 9.50 50.0 puttnw onle COU OP. ie 
Carbonic acid. eoeoveevee 29.687 (ee 4.2.22 


100. 


These scarcely differ from its theoretical proportions, viz. 
1 atom of strontia = 52.0 + 1 atom of carbonic acid = 22, 
together 74; or 70.09 + 29.91 = 100. 

Borate of strontia is described by Dr..Hope as a. white 
powder, soluble in about 130 parts of boiling water, and 
changing syrup of violets to green. 

Phosphite of strontia has not been examined. 

Hypo-phosphite of strontia is a yery soluble salt, which is 
with difficulty made to crystallize. 

Phosphate of strontia may be formed, by mixing solutions 
of muriate of strontia and phosphate of soda. It is tasteless, 
insoluble in water, but soluble in an excess of phosphoric 
acid; fusible by the blow-pipe into a white enamel; and. de- 


* Ann. de Chim, et-Phys. iii. 396. 
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composable only by sulphuric acid. It consists, according to 
Stromeyer, of di 


100. 


If a true binary compound, it should consist of very nearly 
65 base + 35 acid. 

Sulphuret of strontia may-be formed either by fusing in a 
green glass tube three parts of dry strontia with one of sul- 
phur, or by strongly igniting the sulphate with one-seventh 
or one-eighth its weight of charcoal. By solution it is con- 
verted into hydro-sulphuret and hydrogureted sulphuret of 
strontia. These are separable from each other, if the solution 
be evaporated with the exclusion of air, for the hydro- 
sulphuret forms crystals which have a white silky lustre, 
while the hydrogureted sulphuret remains in solution. 

Sulphite of strontia is not known. 7 

Hypo-sulphite of strontia. Mr. Herschell formed this salt 
by passing a current of sulphurous acid through hydrogureted 
‘sulphuret of strontia. It has a bitter taste; dissolves in about 
13. times its weight of water ; is insoluble in alcohol; dissolves 
chloride of silver with great facility ; and when heated per se 
becomes white, and then burns with a faint flame. 

Sulphate of strontia. ‘This salt resembles, very nearly, 
the sulphate of baryta. It may be formed in a similar manner, 
by pouring a solution of the pure earth into diluted sulphuric 
acid, or into the solution of an alkaline sulphate; for strontia 
has a stronger affinity than any of the alkalis for sulphuric 
acid. It is soluble in 3840 parts of boiling water. 

The sulphate of strontia is also found native in con- 
siderable quantities; chiefly at Aust Passage, and at other 
places in the neighbourhood of Bristol. As the native car- 
bonate is rather scarce, this compound may be advantage- 
ously employed for procuring artificial carbonate of strontia. 
The process is precisely similar to that already described for 
decomposing the sulphate of baryta. (Page 582.) 
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According to a considerable majority of the chemists who 
have analyzed it, sulphate of strontia consists of 


ACW Maes: e*eee#ee#e¢ eoeee 4.2, nega sa SOO 
POEVONTUNS ba.a: sce Shae’ Ome: Oe ee 


100 238 

From these numbers its equivalent has been deduced by Dr. 
Wollaston. But Vauquelin has stated, that it is composed of 
46 acid and 54 base, and Stromeyer of 43 acid and 57 base. 
The theoretical constitution of 1 atom of acid -- 1 of base, 
would require it to consist of 43.60 acid + 56.40 base. 

Seleniate of strontia. TYhe neutral seleniate is white and 
insoluble; the Jdiseleniate dissolves with difficulty even at a 
boiling temperature. | 

Ferro-cyanate of strontia is a salt which dissolves in less 
than four parts of cold water, but has not been made to 
crystallize. It is not deliquescent. 


ais 


SECTION VII. 
Of Magnesium. 


- 

The base of magnesia, for which Sir H. Davy has proposed 
the term magnesium, is very imperfectly known. In the at- 
tempts to distil its amalgams, the metal seemed to act upon 
the glass, even before the whole of the quicksilver was dis- 
tilled from it. In one experiment, in which the process was 
stopped, before the mercury was entirely driven off, it ap- 
peared as a solid, having the same whiteness and lustre as the 
other metals of the earths. It sank rapidly in water, though 
surrounded by globules of gas, and produced magnesia. In 
the air, it quickly changed, falling into a white powder, which 
proved to be magnesia. This earth Berzelius states, in round 
numbers, to consist of 38 or 39 per cent. oxygen, and 61 or 
G2 magnesium. ‘This would make the weight of its atom 
15.5, and that of magnesia 23.5. Dr. Thomson’s experi- 
ments (Ann. of Phil. N..S. vol. i. p. 5) give 20 for the equi- 
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valent of magnesia, from which if 8 be subtracted, there 
results 12 for the atom of magnesium. Perhaps it will be. 
sufficiently near the truth to consider it as represented by that 
number. 

Magnesia. 

Magnesia possesses the properties of an alkali, but in a 
considerably less degree than any of the foregoing earths. Its 
characters are as follow: 

When perfectly pure, it is entirely destitute of taste and 
smell. Its specific gravity is between 2 and 3. 

No heat is excited by the affusion of water, and only a 
very small proportion is dissolved, not exceeding 1-5142d of 
its weight at 60°, or 1-36000th at 212°, according to Dr. 
Tyfe’s experiments. Magnesia appears, however, to have an 
affinity for water; for when moistened, and afterwards dried, 
its weight is found increased in the proportion of 118 to 100. 
When precipitated also by pure potassa or soda from any of 
its salts, it falls down in union with water as a hydrate. which, 
when dried by a very gentle heat, forms transparent 1.1asses. 
In this state, according to Davy, it contains about ‘ of its 
weight of water; but, according to Berzelius, 100 parts of 
magnesia combine with 142 to 144 of water. None of these 
proportions exactly agree with the atomic weights of water 
and magnesia; though the numbers of Berzelius approach very 
nearly to those of a compound of 3 atoms of water (27) with 
one of magnesia (20.) It is probable, indeed, that magnesia 
and water unite in several proportions. ‘The native hydrate, 
analyzed by Dr. Fyfe, contained 69.75 base + 30.25 water.* 
If these numbers be altered to 68.5 of the former + 31.5 of 
the latter, they will agree with the proportion of one atom of 
magnesia to one atom of water, constituting the prolo-hydrate. 

Magnesia reddens turmeric and changes to green the blue 
colour of the violet; but water which has been agitated with 
magnesia, when filtered through paper, does not produce similar 
effects. In these respects magnesia differs from lime, and 
approaches to those earths which are destitute of decidedly 
alkaline qualities. 


AIH CBP OTPS eR Sil iit Paso) fi oie vo So 


* Ann. of Phil. N.S. i. 396. 
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Magnesia is not dissolved by liquid alkalis, nor by alkaline 
earths; and, in the dry way, it has no affinity for baryta.or 
strontia. 

Magnesia is by no means a rare production of nature, for 
though very seldom found in a state approaching to purity, 
yet it enters largely into some rocks that compose extensive 
formations, such as serpentine, magnesian lime-stone, steatite, 
&c.; and in combination with sulphuric and muriatic acids it 
forms a large proportion of the ingredients of sea water. Its 
principal use is in medicine, for hitherto it has not been 
extensively applied to any of the practical arts. 

Chloride of magnesium may be formed by passing chlorine 
gas over pure magnesia. ‘This compound is little known. 

Chloride of Gweda may be prepared by passing chlorine 
gas into water, in which magnesia is kept mechanically sus- 
pended, or by the mixture of solutions of chloride of lime 
and sulphate of magnesia. It has not yet been accurately 
investigated. It is of use in some of the processes of 
bleaching. 

Chlorate of magnesia is also little known. 

Muriate of magnesia is a deliquescent and very soluble salt ; 
of an intensely bitter taste; soluble in alcohol; and decom- 
posed by a red heat which expels the muriatic acid. From 
ihe weight of its elements it ought to consist of 


Magenesia....... 90881085: eeadt 10 
Muriatic acid . eeeee ST. eeee 64.29 eoee 186 


57. 100. 

It constitutes about one eighth of the solid ingredients of 
sea water, in which as I showed (Phil. Trans. 1810), and as 
Dr. Marcet has also lately observed (Phil. Trans. 1822), it 
is free from any admixture of muriate of lime. ) 

A triple muriate of potassa and magnesia was obtained by 
Dr. Marcet in rhombic. crystals from the bittern of sea water ; 
but the constitution of this salt was found to be so delicate, 
that it was liable to be separated into. muriate of potassa and 
muriate of magnesia by water alone, and was with certainty 
decomposed by alcohol, which took up the Magnesian muriate 
vibe (Phil. Trans. 1822, p..456.) - 
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Hydriodate of magnesia is deliquescent, and abandons its 
acid when heated. 

When iodine is heated along with magnesia and water, both 
hydriodate and iodate of magnesia are formed. By concen- 
trating the solution, both salts are partly decomposed; and a 
flocculent iodide of magnesia is formed, resembling kermes in 
its appearance, which, when heated, loses part of its iodine, and 
is changed into a sub-iodide. 


Nitrate of Magnesia. 


This compound may be prepared, by dissolving carbonate 
of magnesia in diluted nitric acid. _The solution, when eva- 
porated, yields crystals in the shape of prisms, with four 
oblique faces truncated at their summits. Most commonly, 
however, it forms a shapeless mass, consisting of an immense 
number of small needle-shaped crystals, crossing each other 
irregularly. _These crystals deliquiate in the air, and are 
soluble in half their weight of water. When exposed to the 
heat of ignition, they fuse; a few bubbles of oxygen gas first 
escape; and the nitric acid then passes undecomposed. The 
salt contains, exclusive of water, according to Dalton, 69 acid 
+ 31 base; but if constituted of an atom of each of its ingre- 
dients, it ought to be composed of 73.19 acid + 26.81 base. 

Ammonia-nitrate of magnesia may be obtained by mixing the 
solutions of nitrate of ammonia and nitrate of magnesia, err 
evaporating the solution. The cr rystals are prisms, which are 
soluble.in about 11 parts of water at 60°, and are less deli- 
quescent than either of the component salts. 


Carbonate of Magnesia. 


Pure magnesia-does:not.attract carbonic acid with nearly 
the same intensity as lime.. Hence magnesia may be exposed 
to the air, without any important change in its properties, or 
much increase of weight, unless the exposure be long con- 
tinued,. when. it)first becomes a hydrate by. face water, 
and.then attracts: carbonic..acid from. the i ee The 
carbonate of magnesia, used in medicine, and for experimental 
purposes, is prepared by a process.to be-described in speaking 
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of the sulphate. In this state, however, it is not entirely sa- 
turated with carbonic acid. Its composition varies, as it has been 
precipitated with or without heat. If the former, it contains, 
according to Bucholz, 42 base, 35 acid, 23 per cent. water ; 
if prepared from cold solutions of carbonate of soda and sul- 
phate of magnesia, it consists of 33 base, $2 acid, and 35 water. 
Mr. Dalton states it to be composed of 43 base, 40 acid, and 
17 water. Berzelius is of opinion that it is a compound of 
three atoms of carbonate of magnesia with one atom of the 
hydrate of the same earth ;* and if, as appears to me probable, 
this be the correct view of its composition, it will consist of 


3 atoms of carbonate 42 x 3 = 126 ......72.77 
1 atom of tri-hydrate 20 + 27 = 47 ...... 27.23 


: 378 100. 
Or, of | 
Magnesia in the carbonate .... 34.34 
Ditto in the hydrate.......... 11,48 } 45:82 
Carbonie acid 05s ous cts si sy ane peor 
Water's ter sisi eae see wee ae abate 


100. 


The true carbonate of magnesia, consisting of 1 atom of 
acid + 1 atom of base, though it has not yet been formed ar- 
tificially, is found as a natural product, and, being entirely 
without water, it may be called the anhydrous carbonate of 
magnesia. A specimen of this mineral from the East Indies, 
I have analyzed and described in the Annals of Phil. N.S. i. 
252. 

The saturated carbonate of magnesia (as it has generally 
been considered), may be obtained, by passing streams of car- 
bonic acid gas through water, in which common magnesia is 
kept mechanically suspended,. or by adding a very dilute solu- 
tion of carbonate of soda, highly charged with carbonic acid 
under pressure, to a dilute solution of sulphate of magnesia. 
No immediate precipitation ensues, but, after a few days, 
congeries of crystals will be found adhering to the inner 


* Thomson’s Annals, xii. 30. 
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‘surface of the glass vessel. Some of these I analyzed several 
years ago, and showed them to consist of, base 29, acid 30, 
water 41. Berzelius, from the examination of a specimen pro~ 
-bably purer than mine, deduced its proportions to be, base 
29.583, acid 31.503, water 38.914.* There can be little doubt 
that its true constitution is as follows, and that it is a carbonate 
and not, as has been supposed, a Li-carbonate, a salt which, 
an fact, has not yet been proved to exist, vix. 

1 atom of magnesia...... 20 .... 28.60 

1 atom carbonic acid .... 22 .... 32. 

SACOM S Water ye Oe ae AO 


69 100. 


Water at 60° dissolves only 1-2493d of its weight, and, at 
the boiling temperature, 1-9000th part, of common carbonate of 
magnesia. (Edinb. Journ.v. 395.) ‘The addition of almostany 
-acid to the carbonate expels its carbonic acid, and a compound: 
remains of magnesia with the new acid which has been added- 
‘The affinity of carbonic acid for magnesia appears, indeed, to 
‘be feeble, for it is expelled by a very moderate heat, much 
inferior to that required for the decomposition of carbonate 
of lime. The residue is pure magnesia, which, for medicinal 
and chemical uses, is always prepared by the calcination of the 
carbonate, and hence its name of calcined magnesia. 

Carbonate of magnesia precipitates lime from lime water, 
a carbonate of the Jatter earth being formed in consequence of 
its greater affinity for carbonic acid. 

Carbonate of Magnesia and Potassa.—Berzelius has described 
a salt with double base, which may be formed by mixing bi- 
‘carbonate of potassa in excess with muriate of magnesia.t No 
precipitate appears, but in a few days the salt arranges itself 
in crystalline groups on the sides of the vessel. It consists of 

AVUASSE ata eae tat eke oe Te 
Mignesias’. ss cece ee re ete re ea TOO 
Carbonic acid Sat etenateeisatess GeO 
REEL ee cat ee leer eee te sia 


100. 


* Edinb. Phil. Journ. i. 73. + Ibid. ii. 67. 
20g 
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‘Borate of magnesia may be formed by dissolving magnesia 
in boracic acid. It precipitates in small irregular crystals, 
sparingly soluble in water, but soluble in acetic acid. A na- 
tural compound of boracic acid and magnesia, with a propor- 
tion of lime, is found near Luneburg in a Germany; and known 

“by the name of Loracite. 

Phosphate of magnesia may be formed either directly by dis- 
sea carbonate of magnesia in phosphoric acid, or by mix- 
ing solutions of sulphate of magnesia and phosphate of soda. 
No immediate change ensues, but, after a few hours, large 
transparent crystals of phosphate of magnesia make their ap- 
pearance in the solution. The crystals require 15 parts of 
cold water, but a smaller pr oportion of boiling water, for solu- 
tion. They effloresce in the air, and, when heated, leave a dry 
powder which is fusible into a transparent glass. 

Ammonia-phosphate of magnesia may be prepared by mixing 
solutions of phosphate of ammonia and phosphate of magnesia, 
or any other soluble salt with base of that earth. ~ It falls 
down in the form of a white insoluble powder; but, in certain 
varieties of urinary calculi, it is found lining cavities of 
the concretions, in a distinctly crystallized form, and it 
is deposited in crystals on the sides of vessels in which urine 
is long kept. It is tasteless, scarcely soluble in water, readily 
soluble in dilute acids, and is decomposed by heat, leaving 
phosphate of magnesia only. According to Fourcroy, it 
contains equal weights of phosphate of ammonia, phosphate 
of magnesia, and water. 

 Sulphuret of Magnesia.—It does not appear that magnesia 
forms a permanent union with Denes —_ when heated ik 
ther, the latter sublimes. 

. Hydro-sulphuret of Magnesia.—This intel is soluble in water 
impregnated with sulphureted hydrogen, but the properties of 
the compound have not been investigated. ‘The same may be 
said of the hydrogureted sulphuret. 

Sulphite of magnesia may be prepared by saturating carbo- 
nate of magnesia with sulphurous acid ; but the eal arite, which 
is first for Bice is insoluble tillan excess of acid is added, when 
it dissolves, and may be crystallized by slow evaporation. It 

~ 3s soluble in 20 parts of cold water, but hot water takes up a 
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larger portion, and deposits it again on cooling. The crystals 
effloresce in the air, and are slowly changed into sulphate. 

Hypo-sulphite of magnesia may be obtained by boiling a so- 
lution of sulphite of magnesia with flowers of sulphur. The 
salt crystallizes when the solution has cooled. It is intensely 
bitter, and readily soluble in water, but is not deliquescent. 
When heated, it burns with a blue flame, and, by a sufficiertt 
continuance of the heat, the whole of the acid is expelled, and 
Magnesia remains. © 


Sulphate of Magnesia. 


When highly concentrated sulphuric acid is suddenly 
added to fresh prepared and pure magnesia, very great heat 
and vapour are excited, and are accompanied frequently with 
an extrication of light; an appearance first observed by West- 
rumb. But if the carbonate of magnesia be added to diluted 
sulphuric acid, the carbonic acid is expelled, and a solution of 
sulphate of magnesia is formed, which crystallizes on evapora. 
tion and cooling. Crystals of sulphate of magnesia may also 
be procured in the shops, under the name of Epsom salt. 

These crystals have the following properties: 

1. ‘They have the form of small quadrangular prisms, sur- 
mounted by quadrangular pyramids with dihedral summits 
‘They undergo no change by exposure to the atmosphere. 

2. At the temperature of 60°, this salt issoluble in an equal 
weight of cold water, and in three-fourths its weight of boil- 
ing water, which thus receives an addition of one-fourth of 
its bulk. 

3. When exposed to a low red-heat, it undergoes the wa- 
tery fusion, but is not volatilized. It loses, however, rather 
more than one-half its weight, which is water of crystallization, 
and, according to Berzelius, a very minute portion of acid 
escapes. 

The crystallized salt is composed* of 


Dry sulphate of magnesia.... 48.57 60 
WU OUT bs4S cae eb cet eee Ets 51.43 63 


Se ee 


100.00 123 


* Gay Lussac, Ann. de Ch. et Phys. xii. 308. 
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or of 1 atom of anhydrous salt, and 7 atoms of water. The 
dry salt is constituted of | 


1 atom of magnesia...... 20 ..-. 33.04 .... 100 
1 atom sulphuric acid.... 40 .... 66.96 .... 202 


60 100. 


* 


And the crystals contain, 


Magtiesia: SPeieier yer rer eee 
Sulphurie'acids Ses Ses ey ey re eee 
Water TO Par ee eee 51.43 


100. 


4 Its solution is precipitated by carbonates of potassa and. 
of soda; but not by carbonate of ammonia, unless heat is ap- 
plied. ‘The carbonate of magnesia of the shops is prepared 
by mixing together concentrated and. hot solutions of carbo- 
nate of potassa and sulphate of magnesia. The sulphate of 
potassa, thus formed, is removed by copious washing with 
water, and the carbonate of magnesia is then dried. The pro- 
portions employed are filtered solutions of 4 parts of the 
crystallized sulphate, and 3 of the carbonate of potassa. One- 
hundred parts of the desiccated sulphate give about 71 of car- 
‘bonate of magnesia, or about 33 of the pure earth. : 

When solution of pure ammonia is added to that of sulphate: 
of magnesia, part of the earth is precipitated. The rest re- 
mains in solution, and, by evaporation, a triple salt is formed, 
consisting of sulphuric acid, magnesia, and ammonia, and 
called ammoniaco-magnesian sulphate. 

A compound Sulphate of Magnesia and Soda has been de- 
scribed by Dr. Murray, in a note to his paper on the Analysis. 
of Sea Water.* It crystallizes in rhombs truncated on the 
angles and edges ; is soluble in rather more than three times its 
weight of water at 60° Fahrenheit; is permanent in the air; 
and does not fuse, but decrepitates on applying heat. It is. 
composed of 


* Edinb. Trans. 


SECT. VIII. GLUCINUM. 599 


Sulphate of magnesia .........+.6+. 32 
Sulphate of soda........05...000088 39 
Water of crystallization ............ 29 


os 


100 


Sulphate of potassa and magnesia was composed by Link by 
saturating bi-sulphate of potassa with magnesia. The taste of 
this triple salt is bitter; in solubility it nearly agrees with sul- 
phate of potassa; its crystals are rhomboidal, and consist of 
about 3 parts sulphate of potassa, and 4 sulphate of magnesia 
It has been found by Dr. Marcet to be an ingredient of sea 
water. (Phil. Trans. 1822, p. 455.) 

Seleniate of Magnesia.—Selenic acid unites with magnesia 
in two proportions, forming a seleniate and a bi-seleniate, but 
the compounds have no particularly interesting properties. 


——— 
SECTION VIII. 


Glucinum. 


WE have no experimental knowledge of the base of glucina. 
When obtained, its proper denomination will be glucinum, 
The general fact of its existence is proved by igniting glucina 
with potassium, which is thus changed into potassa. 


Glucina. 


This earth was discovered by Vauquelin, in the year 
1798. He obtained it from the aqua marina or beryl, a pre- 
cious stone of a green colour, and very considerable hardness, 
which is found crystallized in Siberia. Glucina has since 
been detected in the emerald of Peru, and in the gadolinite. 
The following process may be employed to separate it from 
the beryl: ; 

Let the stone, reduced to a fine powder, be fused with three 
times its weight of pure potassa. .To the fused mass add a 
quantity of water, and afterwards diluted muriatic acid ; 
which last will effect a complete solution. Evaporate the 
solution to dryness, re-dissolve the dry mass, and add carbo- 
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nate of potassa so long as any precipitation ensues. Dissolve 
the precipitate in sulphuric acid ; add.a little sulphate of po- 
tassa; and, on evaporation, crystals of alum will. be obtained. 
By this process the alumina is detached. ‘The residuary liquor, 
which yields no more crystals, contains the glucina, and a 
small portion of alumina. Add. a solution of carbonate of 
ammonia to excess; this will throw down the alumina, and 
the glucina will:remain dissoived by the superabundant carbo- 
nate. When this solution is evaporated to dryness, and mo- 
derately heated, the:alkaline carbonate is expelled, and a.car- 
bonate of glucina. remains, in the proportion of 16 parts from 
every 100 parts of the stone. | 

Glucina has the following properties : 

1. It isa fine white and soft powder, resembling alumina in 
its sensible properties; and, like that earth, adhering to the 
ae Its specific gravity is 2.97. 

. It has no action on blue vegetable colours. 

5 It does not harden, or contract, like alumina, by heat; 
and is infusible. 

4. It is insoluble in water, but forms with it a ductile paste. 

5. It is soluble in liquid potassa and soda, but not in the 
solution of pure ammonia. In these ee it agrees with 
alumina. 

6. Glucina is soluble in carbonate of ammonia; a eapeny 
distinguishing it from alumina. ; 

ve It appears, like alumina, to have an affinity. for colguene 
matter. 

8. With the different. acids it forms combinations, wiiich 
have a sweet and rather astringent taste. Hence its name 
has been derived from yavxus, signifying. sweet. 

9. It is not precipitated by triple prussiate of potassa. 


SECTION IX. 
Yutrium. 


Tur base of yttria: has not: yet — exhibited’ ina separate 
form; but the presence of oxygen in yttria is established by 
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its‘converting potassium into potassa, when ignited with that 
metal. 


Yitria, or Ittria. 


This earth was discovered in 1794, by Professor Ga- 
dolin, in a stone from Ytterby in Sweden; and its title to the 
character of a peculiar earth rests, also, on the unquestion-— 
able authority of Klaproth and Vauquelin, both of whom 
have made it the subject of experiment. The following pro- 
cess for obtaining it, is described by Vauquelin in the 36th 
volume of the dnnales de Chimie, p. 150. 

Fuse the pulverized stone (called Gadolinite) in the manner 
already described, with twice its weight of potassa ; wash the 
mass with boiling distilled water, and filter. The filtered 
solution, which has a beautiful green colour, yields, during 
evaporation, a black precipitate of oxide of manganese. When 
this has ceased to appear, allow the liquor to stand; decant 
the clear part, and saturate with nitric acid. Let the insolu- 
ble part be, also, digested with extremely dilute nitric acid, 
which will take up the soluble earths only, and will leave, un- 
dissolved, the silica and oxide of iron. Let the two portions 
be mingled together, and evaporated to dryness; then re-dis- 
solved and filtered ; by which means any remains of silica and 
oxide of iron are separated. To obtain the yttria from the 
nitric solution, it would be sufficient, if no other earth were 
present, to precipitate it by carbonate of ammonia; but small 
portions of lime, and of oxide of manganese, are still present 
along with it. The first is separated by a few drops of car- 
bonate of potassa; and the manganese, by the cautious ad- 
dition of hydro-sulphuret of potassa. The yttria is then 
to be precipitated by pure ammonia, washed abundantly 
with water, and dried. It amounts to about 35 per cent. of 
the stone. . 

Yttria has the following properties : 

1. It is perfectly white; but it is difficult to preserve it free 
from a slight tinge of colour, owing to its contamination with 
oxide of manganese. 

2. It has neither taste nor smell; and it is eects to the 
touch, like alumina, - 
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8. It is insoluble in water, and infusible except by an in- 
tense heat. 

4. It is very ponderous; its specific gravity being 4.842. 

5. Itis not attacked by pure alkalis; and, in this respect, 

it differs from glucina and alumina, both of which are abun- 
dantly soluble in fixed alkalis. 
* 6. Like glucina, it is soluble in carbonate of ammonia, but 
five or six times less so than that earth; or, in other words, of 
equal quantities of glucina and yttria, the latter requires for 
solution five or six times more of the carbonate of ammonia 
than the former. 

7. It is soluble in most acids ; nna is Spy sore by pure 
alkalis, by baryta, and by lime. 

8. From these solutions it is also precipitated by the oxalic 
acid, and by oxalate of ammonia, in a state resembling fresh 
precipitated muriate of silver. Prussiate of potassa throws it 
down in small white grains passing in a short time to pearl 
grey ; phosphate of soda in a white gelatinous form; and in- 
fusion of galls in brown flocculi. 

9. Yttria, which has been a long time exposed to the action 
of fire, gives out chlorine gas, when dissolved in common 
muriatic acid; thus manifesting one property of a metallic 
oxide.* 


=i 
SECTION X. 


Aluminum. 


Tue experiments of Sir H. Davy afford a strong presump- 
tion that alumina is a metallic oxide; but its base, aluminum, 
has not been yet obtained in such a state as to make its pro- 
perties an object of investigation. Yet alloys have been formed, 
which give sufficient panene: of its existence; and the pre- 
sence 3 oxygen in alumina is proved, by its changing potas- 
sium into potassa, when ignited with that metal. 


* Nicholson’s Journal, xviii. 77. 
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Alumina. 


Alumina may be obtained free from other earths, but still 
combined with carbonic acid, by precipitating a solution of 
alum in water by the bi-carbonate of potassa. ‘To secure its 
complete purification from sulphuric acid, Guyton advises 
that the precipitate be re-dissolved in nitric acid, that nitrate 
of baryta be cautiously added to the solution, till it no longer 
occasions milkiness, and that the alumina be afterwards pre- 
cipitated, or separated from the nitric acid by heat.* Elec- 
tro-chemical analysis, however, in this, as in many other in- 
‘stances, shows the imperfection of the common methods of 
separating bodies from each other; for the most carefully 
prepared alumina yields the metals of soda and potassa, when 
negatively electrified in contact with mercury.t Berzelius, 
also, found that when alumina is precipitated either from the 
sulphate or nitrate, it is contaminated wirh those acids; but 
not with the muriatic, when thrown down from the muriate 
of alumina by ammonia. Gay Lussac recommends the pre- 
aration of alumina by exposing that kind of alum which has 
ammonia for its base, first to a gentle heat to expel the water 
of crystallization, and afterwards to a red heat, which leaves 
the alumina pure.t 

Alumina has the following properties: 

1. It is destitute of taste and smell. 

2. When moistened with water, it forms a cohesive and 
ductile mass, susceptible of being kneaded into a regular form. 
It is not soluble in water; but retains a considerable quantity, 
and is, indeed, a hydrate, containing, when dried at the tem- 
perature of the atmosphere, almost half its weight of water. 
Even after ignition, alumina has such an affinity for moisture, 
that it can hardly-be placed on the scale of a balance, with- 
out acquiring weight. _Berzelius found that 100 parts, after 
being ignited, gained 1514. from a dry atmosphere, and 33 from | 
a humid one. For full saturation, 100 grains of alumina, he 
ascertained, require 5% of water.§ 

3. Alumina does not affect blue vegetable colours. 


* Aan. de Chim. xxxii. 64. + Davy, Phil. Trans. 1308. 
t Ann. de Chim. et Phys. v. 101. § 82 Ann. de Chim. 14. 
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4. It is dissolved by the liquid fixed alkalis, and is precipi- 
tated by acids unchanged. In ammonia, it is very sparingly 
soluble. It is not soluble in alkaline carbonates. 

5. Baryta and strontia combine with alumina, both by 

“fusion and in the humid way. In the first case, the result is 
a greenish or bluish coloured mass. In the second two com- 
pounds are formed. The first, containing an excess of alu- 
mina, is in the state of an insoluble powder; the other, having 
an excess of the alkaline earth, remains in solution. tO 
may be united, by fusion, with the fixed sale and with 
most of the earths. 

6. Alumina, as will be afterwards shown, has a strong affi- 
nity for colouring matter. 

7. Alumina has the property of shrinking considerably in 
bulk, when exposed to heat, and its contraction is in propor-— 
tion to the intensity of the heat applied. On this property is 
founded the pyrometer of Wedgewood, which measures high 
degrees of heat, by the amount of the contraction of regu- 
larly shaped pieces of china clay. The pieces of clay are 
small cylinders, half an inch in diameter, flattened on the 
under surface, and baked ina low red heat. The contraction 
of these pieces is measured, by putting them between two 
fixed rulers of brass or porcelain, twenty-four inches long, 
half an inch distant from each other at one end, and three 
tenths of an inch at the other. The rulers are divided into 
240 equal parts, called degrees, which commence at the wider 
end; and each of which is equal to 130° of Fahrenheit. When 
the clay piece is fixed in its place, before exposure to heat, it 
is stationary at the first degree, which indicates about 1077° 
of Fahrenheit. After being strongly heated, in a small case 
which-defends it from the fuel, its bulk is diminished, and it 
slides down, between the converging rulers, till stopped by 
their approach. The number on the graduated scale, oppo- 
site to the upper end of the piece, indicates the degree of heat 
to which it has been exposed. In the Appendix, rules may be 
found for reducing the degrees of Wedgwood’s pyrometer to 
those of Fahrenheit’s thermometer. It is proper, however, 
to remark that this instrument is a much less accurate mea- 
surer of heat than was long supposed; since the contraction 
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of clay is influenced not merely by the degree of heat to which 
it is exposed, but by the mode of its application. 


Equivalent of Alumina. 


From indirect experiments, Sir H. Davy several years ago 
derived 24 as the number representing alumina, from which, 
deducting one atom of oxygen = 8, we obtain 16 for the - 
equivalent of aluminum. ‘The number for the equivalent of 
alumina, deduced by Gay Lussac,* is 21.611, oxygen being 
10, = 17.28, when hydrogen is taken as the decimal unit. Dr. 
Thomson,+ from recent experiments, concludes it to be 2.25, 
oxygen being 1, = 18 when hydrogen is made unity. The 
former determination would reduce the atom of aluminum to 
9.28, and Dr. Thomson’s to 10, the atom of oxygen being 
considered as 8. Mr. R. Phillipsis of opinion f that the atom 
of alumina is correctly expressed by 27, and Mr. Brande 
(Quarterly Journ. xiv.’50) fixes it at 26. Differences so con- 
siderable as these sufficiently show that we are not prepared to. 
assign the true weight of the atom of alumina, but that the: 
subject is still open to further investigation. 

Alumina forms a very large proportion of the rocks and 
strata that compose this globe. It is the chief ingredient of 
all the varieties of clay, and gives them the property of tena- 
city and ductility, or of being capable of being moulded into- 
the shapes of vessels which are rendered hard and durable by 
the subsequent application of heat. Bricks, tiles, and all the 
varieties of pottery and porcelain, are chiefly formed ofalumina, 
with variable proportions of silica and other earths. It im- 
parts to soils, when present in due proportion, the quality of 
being sufficiently retentive of moisture; for a soil may be too 
open and light to be fertile, as well as too stiff from the excess 
of its stuihinoes ingredient. It is remarkable, also, that alu- 

-mina, nearly pure, composes some of the hardest minerals, 
such as the corundum, which is hard enough to be employed 
in polishing diamonds. 


* Ann. de Ch. et Ph. xvi. 36. _ + Ann. of Phil. N.S. ii. 168. 
t Ibid, iv. 283. shire 
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Salts of Alumina. 
Alumina with Chlorine——No substance (Sir H. Davy ob- 


serves) exists, that can be considered as a true compound of 
alumina and chlorine. 

Muriate of Alumina may be formed by dessling fresh pre- 
cipitated alumina in muriatic acid, but the acid is always in 
excess. It is.scarcely possible to obtain this salt in crystals, 
for by evaporation it becomes a thick jelly. It is extremely . 
soluble in water, and when dried deliquiates. At a high tem- 
perature it abandons its acid. 

Nitrate of Alumina may be formed in the same manner as 
the last-mentioned compound. The solution, which is always 
acid, crystallizes in thin ductile plates. “hg crystals are ex- 
tremely soluble, and are deliquescent. Ata high temperature 
they are decomposed. Potassa throws down alumina from the 
solution, but, if added in excess, re-dissolves the precipitate. 


Alum.—Sulphate of Alumina. 


Alum and sulphate of alumina are often confounded toge- 
ther under the same name; but alum, as will afterwards ap- 
pear, is not merely a combination of this earth with sulphuric. 
acid; but is a triple salt, composed either of sulphuric acid, 
alumina, and potassa; or of sulphuric acid, alumina, and am- 
monia. It has the following characters: 

(a) It has a sweetish astringent taste. Its specific gravity 
is 1.71. 

(L) It dissolves in water, five parts of which, at 60°, take 
up one of the salt, but hot water dissolves about three-fourths 
of its weight. 

(c) This solution reddens vegetable blue colours; which 
proves the acid to be in excess. 

(d) When mixed with a solution of carbonate of potassa, am 
effervescence is produced by the uncombined acid, which also- 
prevents the first portions of alkali, that are added to a solu- 
tion of sulphate of alumina, from occasioning any precipitate. 

(e) On a farther addition of alkali, the alumina is preci- 
pitated. 
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(f) Alum, when heated, swells up, loses its regular form, 
and becomes a dry spongy mass, called burnt alum; but, ac- 
cording to Vauquelin, the whole of its acid cannot be ex- 
pelled by heat. 

Considerable differences exist in the statements which have 
been given by different analysts, of the composition of alum, 
as will appear from the following table: 


100 parts contain. Acid. Alumina. Potassa. Water. 
BS PAtee aay! 


‘naiensectians to Vauquelin......30.52 .10.50..10.40..48.58 
Dalton .........83.  ..12. 2. 9. 2.46. 
————  R. Phillips.... ..34.94..11.18.. 10.33... 43.55 
Berzelius....... $4.23..10.86.. 9.81..46. 
Do. corrected by Thomson 53.82..10.86.. 9.90..45. 
Dr. Thomson... 32.85..11.99.. 9.85..46.21 


Some of these differences may be accounted for by the cir- 
cumstance, that in estimating the sulphuric acid, the composi- 
tion of sulphate of baryta has been differently calculated. 
When well edulcorated, dried, and ignited, the barytic sul- 
phate should be assumed to contain, in every 100 grains, 34 
grains of real sulphuric acid. | 

Different views also have been taken of the state of combi- 
nation in which the potassa and sulphuric acid exist in alum. 
Mr. R. Phillips considers the constitution of alum to be as 
follows, a slight alteration of his experimental results being 
made to accommodate them to atomic proportions. 


1 atom of bi-sulphate of potassa, 
2 atoms of sulphate of alumina, 
22 atoms of water. 


Dr. Thomson, however, does not admit that bi-sulphate of 
potassa exists in alum, and contends that it is constituted of 
1 atom of sulphate of potassa, 
3 atoms of sulphate of alumina, 
25 atoms of water.* 


If the number representing alumina were ascertained, it 
would be easy to determine which of these two views is most 


* Ann, of Phil. N.S. ili. 168. 
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consistent ‘with the atomic doctrine; but till this has been 
done, the subject must remain involved in some obscurity. 

~ Ammoniacal alum has been examined by Riffault,* who found 
it to consist of 


1 atom of sulphate of ammonia, 
$ atoms of sulphate of alumina, 
24 atoms of water. 


In this species of alum M. Riffault concludes that 11.906 of 
alumina are‘united with 26.979 of sulphuric acid, the remain- 
ing 9.063 of the acid being combined with 3.898 of ammonia. 

In the Quarterly Journal (viii. 386).an alum. containing 
soda as its. alkaline base, is described... It appears to be con- 
stituted of 51.2 water, 32.14 sulphuric acid, 10 alumina, and 
6.32 soda, or of | 


2 atoms of sulphate of alumina, 
1 atom of bi-sulphate of soda, 
28 atoms of water. 


In vol. xili..p. 276 of the same. Journal, Dr. Ure assigns 
nearly the same proportions to a soda alum examined by him. 

Magnesia, also, it appears, is capable of furnishing a base 
to alum; but, like the last species, it has not yet: Bas applied 
to any useful purpose. 
A neutral sulphate of alumina, was. obtained, by Berzelius, 
by the following process. He decomposed alum. by ammo- 
nia; washed the precipitate, and redissolved it in sulphuric: 
acid. To the liquor, after evaporation, he added alcohol, 
which threw down a sulphate nearly neutral, and rendered 
perfectly so, by being washed with farther portions of alcohol. 
Gay Lussac has also given the following process, communicated 
to him by Descotils, ifr preparing a deriva sulphate of alu- 
mina. On alum with base of ammonia, boil: nitro-muriatic 
acid, till all the ammonia is destroyed, and:evaporate to dry- 
ness to expel all the nitric and muriatic acids. The ammo- 
nia is decomposed by the chlorine, which results from the 
mutual action of those two acids, and the alumina remains in 


* Ann, de Chim. et Phys, ix. 106. 
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combination with sulphuric acid only. The saturated solu- 
tion of this salt in water is an excellent test to discover potassa ; 
for a drop or two, added to a solution of that alkali, or of any 
of its salts, immediately causes a precipitation of alum.* It is 
most probably constituted of 1 atom of acid + 1 atom of base. 

The sub-sulphate of alumina and potassa has been analyzed 
by M. Riffault (Ann. de Ch. et Phys. xvi. sab and found to 
consist of 


Sulphuric acid Nea eae WR aC Be eke OP: 
LL gPOUnERY Songs rast ep Later aie as aa 
PUES ee ss ag eee setae rae LOL 
WEEE Seta t es se rt E EET Oren TL TOU 


100. 


This corresponds very nearly with 3 atoms of acid, 8 of 
alumina, 1 of potassa, and 4 of water. A native sub-sulphate 
of alumina has also been examined by Stromeyer, and ascer- 
tained to be Satie of 30 alumina, 24 sulphuric acid, and 
45 water. 

(h) Alum is decomposed by charcoal, which combines with 
the oxygen of the sulphuric acid, and leaves the sulphur at- 
tached to the alumina. A combination of alumina, sulphur, 
and charcoal, forms the pyrophorus of Homberg. 'To prepare 
this, equal parts of powdered alum and brown sugar are 
melted over the fire, and are kept stirring till reduced to dry- 
ness. The mixture, when cold, is to be finely powdered, and 
introduced into a common phial, coated with clay, to which 
a glass tube, open at each end, is to be luted, to allow the 
escape of the gases that are produced. ‘The phial must then 
be set in the fire, surrounded by sand, in a crucible. Gas 
will issue from the open end of the tube, and may be inflamed 
by a lighted paper. When this ceases to escape, the crucible 
may be removed from the fire, and a little moist clay pressed 
down upon the open end of the tube, to prevent the access of 
air to the contents of the phial. When cold, the tabe may 
be removed, and a cork substituted in its place. The princi- 
pal difficulty in the process is to stop it precisely at the period, 


_ * Ann, de Chim, et Phys, vi, 201, 
VOL. I. ; 2R 
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when the pyrophorus is formed ; for if the heat be eens 
longer, the preparation will be spoiled. 

The pyrophorus thus formed is a black and light powder, . 
which instantly takes fire when poured out of the bottle into 
the air, and inflames suddenly in oxygen gas. Sulphate of 
potassa appears to be essential to its production, and hence the 
- sulphuret of potassa is a necessary ingredient. From the dis- 
coveries of Sir H. Davy, it appears not improbable that this 
pyrophorus may contain sulphuret of potassium. The princi- 
pal part of the phenomena, however, is owing to the combus- 
tion of an extremely light and finely divided charcoal. 

The remaining salts of alumina have no properties suffi- 
- ciently important to entitle them to a separate description. 


Sp a 
SECTION XI, 


Thorinum. 


Norurne is known of the metallic base of this earth, and it 
is only from analogy that it is supposed to be constituted 
of such a base united with oxygen. 


Thorina. 


I. While analyzing some minerals from the neighbourhood 
of Fahlun in Sweden, Professor Berzelius found in them:a 
new earth, which he had also extracted, in the summer of 
1815, from a species of gadolinite. In these it was combined 
with the fluate of cerium and yttria. The pulverized mineral 
was first treated with concentrated sulphuric acid, which de- 
composed the greater part of it, and expelled the fluoric acid. 
From this solution, sulphate of potassa precipitated the oxide 
of cerium, and caustic ammonia afterwards occasioned a far- 
ther precipitate. This, dissolved by long digestion in mu- 
riatic acid, consisted of the muriates of yttria and of the new 
earth. It was evaporated to dryness, in order to expel the ex- 
cess of acid, and water poured over it to dissolve the muriate 
of yttria. The residue was subjected to the action of mu- 
riatic acid, and the solution accurately saturated by caustic 


SECT. XI. THORINUM. 611 


ammonia. On adding water, and applying a boiling heat, a 


white gelatinous precipitate fell, which was collected on a 
filter. The liquor,-that passed through the filter, was again 
saturated with pure ammonia, and heute to ebullition, which 
occasioned a fresh precipitation of the same earth. This, 
when washed, and gently dried, is the substance in question. 
Il. 1. This earth, when dried, is perfectly white; it ab- 
sorbs carbonic acid, and dissolves with effervescence in acids. 
After calcination, its white colour remains unimpaired; but 
if the heat has been strong, it is rendered less easily soluble 
in acids. The neutral solutions of it have a purely astringent 
taste, which is neither sweet, nor saline, nor bitter, nor me- 
tallic, a property in which it differs from all the earths except 


* 2ir conia. 


2, When dissolved in a slight excess of sulphuric acid, and 
subjected to evaporation, it yields transparent crystals, which 
are not altered by exposure to the air, and have a sweet as- 
tringent taste. 

S. It dissolves readily in nitric and muriatic acids, but does 
not afford crystallizable salts. . When precipitated by pure 
alkalis, it absorbs carbonic acid from the air with avidity ; 
and the alkaline carbonates throw it down, in combination 
with the whole of their carbonic acid. It is precipitated by 
the oxalate, tartrate, and benzoate of ammonia. Succinate of 
ammonia occasions a precipitate, which is immediately re- 
dissolved ; and ferro-prussiate of potassa throws down a white 
precipitate, which is soluble in muriatic acid. 

4. It is not soluble, even when fresh precipitated and ata 
boiling temperature, by the pure alkalis. The alkaline car- 
bonates dissolve it, but much more sparingly than any other 
earth on which they are capable of acting. 

5. It is not reducible, when strongly vat oti in contact with 
charcoal. Before the blow-pipe it cannot be brought into 
fusion. With borax or phosphate of soda, it em into a 
transparent glass, but is infusible with soda. . 

Messrs. Gahn and Berzelius having been accustomed to 
speak of this earth under the name of Thorina (from Thor, 
a Scandinavian Deity), we may distinguish it by this name, till 
a more appropriate one shall be pointed out. 

2R 2 
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Thorina differs from the other earths in the following pro- 
perties: From alumina and glucina, by its insolubility in liquid 
potash; from yttria, by its solutions being purely astringent 
to the taste, without any sweetness, and by the property of 
being precipitated at a boiling heat, except when prevented 
by too great an excess of acid. It differs from zirconia in the 
following respects: Ist, Because, after being ignited, it is still 
soluble in acids. 2d, It is not precipitated by sulphate of pot- 
assa, which throws down zirconia, even from solutions con- 
taining a considerable excess of acid. 3d, Thorina is pre- 
cipitated by oxalate of ammonia, which is not the case with 
zirconia. 4th, Itscombination with sulphuric acid crystallizes — 
readily, while sulphate of zirconia forms, when pure and 
dried, a gelatinous ee mass, without any trace of - 
crystallization. ° 


SECTION XII. 
Zirconium. 


Tue base of zirconia, or zirconium, is still unknown, though 
ivestigated by Sir H. Davy in the same manner as the bases . 
of other earths, When potassium was brought into contact 
with ignited zirconia, potassa was formed, and dark metallic 
particles were diffused through the alkali. 


Zirconia. 


]. This earth was discovered by Klaproth in the year 1789, 
in a precious stone from the island of Ceylon, called Jargon 
or Zircon, and has since been detected in the hyacinth. 

MM. Dubois and Silveira have described the method of 
obtaining zirconia from zircons as follows: powder the zir-’ 
cons very fine, mix them with two parts of pure potassa; and 
heat them red hot in a silver crucible for an hour. - Treat the 
substance obtained with distilled water, pour it on a filter, and 
wash the insoluble part well; it will be a compound of zirco- 
nia, silica, potassa, and oxide of iron. Dissolve it in muri- 
atic acid, and evaporate to dryness, to-separate the silica. Re-- 
dissolve the muriates of zirconia and iron in water; and to 
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separate the zirconia which adheres to the silex, wash it with 
weak muriatic acid, and add it to the solution. Filter the 
fluid, and precipitate the zirconia and iron by pure ammonia; 
wash the precipitates well, and then treat the hydrates with 
oxalic acid, boiling them well together, that the acid may act 
on the iron, retaining itin solution while an insoluble oxalate 
of zirconia is formed. It is then to be filtered, and the oxalate 
washed, until no iron can be detected in the water which 
passes through. The earthy oxalate is, when dry, of an opa- 
- line colour; after being well washed, it is to be decomposed 
by heat in a platinum crucible. 

When thus obtained, zirconia is perfectly pure, but is not 
soluble by acids; To render it so, it must be re-acted on by 
potassa as before, and then washed until the alkali is removed. 
Afterwards dissolve it in muriatic acid, and precipitate by am- 
monia. The hydrate thrown down, when well washed, is per- 
fectly pure and easily soluble in acids. (Ann. of Phil. New 
Series, i. 74.) 

II. Zirconia has the following properties: _ 

1. It has the form of a fine white powder, which, when rub- 
bed between the fingers, has somewhat of the harsh feel of si- 
lica. It is entirely destitute of taste and smell. Its specific 
gravity exceeds 4. 

2. It.is insoluble in water; yet it appears to have some affi- 
nity for that fluid, for it retains, when slowly dried after pre- 
cipitation, one third its weight, and assumes a yellow colour 
and slight transparency, like that of gum arabic. 

3. It is insoluble in pure liquid alkalis; nor does it even 
combine with them by fusion; but it is soluble i in alkaline car- 
_ bonates. 

4, Exposed to a strong heat, zirconia fuses, assumes a light 
grey colour; and such hardness, on cooling, as to strike fire 
- with steel, and to scratch glass, or even rock crystal. 

5. Its action on other earths has not been fully investigated. 

6. It dissolves readily in acids. Its solution in muriatic 
acid, when sufficiently heated, becomes milk white, and runs 
in some measure into a jelly, especially if concentrated to a 
certain point by evaporation, ; ) . 
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7. From the muriatic solution of zirconia, oxalic acid throws 
down a white precipitate, which is re-dissolved by an excess 
of the acid. 

8. It is precipitated from its acid solutions, by the neutral 
succinates and benzoates, in copious white bulky flocks, which 
are again readily dissolved by an excess of succinic acid. It is 
also thrown down from its solutions by tartaric acids malig | 
acid, and tartrate of potassa. 

9. From a sufficiently neutral solution of zirconia, ferro- 
cyanate of potassa throws down a greenish blue precipitate, 
which, on adding muriatic acid, eer more blue, but after 
some time changes into celadon green. 

10. Hydrosulphuret of ammonia produces, in the muriatic 
solution of zirconia, a dark olive or blackish green precipitate 
in very loose flocks. This precipitate may be washed with 
water without changing colour ; but, when exposed to sun- 
shine, it becomes white. 

Professor Pfaff has remarked that.in most of their proper- 
ties there is a striking resemblance between zirconia and oxide 
of titanium. The only re-agent, which acts in a strikingly 
different manner upon solutions of oxide of titanium and zir- 
conia, is tincture of galls, which, from the common solution of 
oxide of titanium, throws down a reddish brown precipitate, 
whereas from solution of zirconia it occasions a deposition 


of yellow flocks. (Ann. of Phil. xiii. €3.) 


—= 
SECTION XIII. 
Silicium. 


In his attempts to obtain the base of silica, or stlictum, in a 
state of perfect separation, Sir H. Davy was unsuccessful; but 
the results of his experiments leave little room to doubt that 
this earth is, like the rest, compeHD Get of oxygen with a pe- 
culiar base. 

Berzelius has since decomposed silica, by fusing it with 
charcoal and iron in a blast furnace. He obtained an alloy 
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of iron and silictum, which, by the action of a diluted acid, 
gave more hydrogen than the same weight of iron.* This 
process was successfully repeated by Stromeyer, and the pro- 
petties of the different alloys investigated. He recommends 
the fusion of 7 parts of iron, 5 of silica, and from 1 to 58:ths of 
apart of soot. From the results of acting on the alloy by 
dilute acids, Berzelius infers silica to consist of 


SUICINIA > ce se eee oe eee ce TOO 
EVE sy sc se EU dias eaus LL iste 


100. 217.38 


And Sir H. Davy deduces the proportions to be $1 of 
metal to 30 oxygen. ‘These numbers, however, can be con- 
sidered in no other light than as approximations. The base 
of silica Sir H. Davy believes not to be a metal, but a sub- 
stance most resembling loron; and, like it, bearing an analogy 
to charcoal, sulphur, and phosphorus. In the present imper- 
fect state of our knowledge of silicium, it would be premature 
to assign the weight ofits atom. If silica be a protoxide, its 
equivalent will be 16, and that of silicium, or sili¢on, as it is 
called by Dr. Thomson, will be represented by 8; but these 
numbers must be considered as open to correction. 


Silica. 


I. Siliceous earth, or silica, may be obtained tolerably pure 
from-flints by the following process :— Procure some common 
gun-flints, and calcine them in a crucible in a low red heat. 
By this treatment they will become brittle, and easily redu- 
cible to powder. Mix them, when pulverized, with three or 
four times their weight of carbonate of potassa, and let the 
mixture be fused in a strong red heat, ina crucible. The ma- 
terials must bear only a small proportion to the capacity 
of the crucible; and the heat must at first be very moderate, - 
and slowly increased. Even with this precaution, the mass, 
on entering into fusion, will be apt to overflow ; and must be 


* 81 Ann. Ch. 179. See also his account of an attempt to analyze si 
lica, in 40 Phil. Mag. 201, 
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pressed down as it rises by an iron rod. When this effer- 
vescence has ceased, let the heat be considerably raised, so 
that the materials may be in perfect fusion during half an 
hour, and pour the melted mass on a copper or iron dish. 
‘We shall thus obtain a compound of alkali and siliceous earth, 
Dissolve this in water, filter the solution, and pour it into 
diluted sulphuric or muriatic acid. An immediate precipita- 
tion will ensue, and, as long as this continues, add fresh por- 
tions of the solution. In precipitating the alkaline solution 
of silica, more acid must be used than is sufficient to engage 
the alkali; and the alkaline liquor must be added to the acid, 
and not the reverse; for, in the latter case, the precipitate 
will be glass, and not silica. Let the precipitate subside, pour 
off the liquor that floats above it, and wash the sediment with 
hot water, till it comes off tasteless. ‘Then dry it. | 

Silica, obtained by this process, though pure enough for 
the following experiments, may still contain a portion of 
alumina. To separate the latter earth, boil the precipitate 
with diluted sulphuric acid, to which a little sulphate of pot- 
assa may be added. ‘The alumina will thus be dissolved ; and, 
the silica may be freed from the solution of alum by repeated 
washings with water. Even silica, however, that has been 
most carefully washed, still gives traces of potassa on the ap- 
plication of electro- “aimicnls powers. (Davy.) According to 
Mr. Brande, silica may be obtained of sufficient purity for 
most purposes by heating rock-crystal to redness, quenching 
it in water, and then reducing it to fine powder. 

II. Siliceous earth, as thus obtained, has the following qua- 
lities: 

(a) It is Serfestly white and tastallas? It is infusible by the 
intense heat of Voltaic electricity ;* but was melted by Dr. 
Clarke with the oxygen and hydrogen blow-pipe. To a 
certain degree it appears to be volatile, for a filamentous sub- 
stance, collected from iron furnaces, and r esembling amianthus, 
was found by Vauquelin to be pure silica. 

—(b) When mixed with water, it does not form a cohesive 
mass like eae but has a dry and har sh feel to the fingers. 


* Phil. Trans, 1815, p: 370. 
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. It retains, when fresh precipitated, about 26 per cent. of wa- 
ter, after being dried at 70° Fahrenheit. But, according to 
Berzelius, this water is not chemically combined. 

(c) It is insoluble in water. Yet when fresh precipitated, 
water has the property of retaining in solution about one 
thousandth of its weight.* That silica, however, is dissolved 
in water by processes ae ‘nature, can scarcely be doubted, when 
it is considered, that it is found, in considerable quantities, in 
-acrystallized form. 

(2) It is not acted on by any acid, except the fluoric. Sul- 
_ phuric acid, according to Dalton, after expelling the fluoric 
_acid from fluate of lime, does not unite with the silica. But 
though the earth itself is not dissolved by acids, yet when 
first combined with an alkali, it unites with several acids, 
forming triple salts.+ When fresh precipitated, however, 
Dr. Marcet asserts, that it is sparingly soluble in most acids; 
and, for this reason, he recommends, in analysis, to precipitate 
silica by muriate of ammonia, which does not, like the acids, 
re-dissolve it. 

(e) When prepared in the foregoing manner, and very 
minutely divided, silica is taken up by a solution of pure po- 
tassa, or of soda, but not by ammonia. In the aggregated 
state of flints, however, it is perfectly insoluble in this way by 
alkaline solutions; an excellent illustration of the principle 
that a very minute division of solid bodies, by presenting a 
_ greater surface to the action of fluids, facilitates solution. 

(f) When mixed with an equal weight of carbonate. of 
potassa, and exposed to a strong heat in a furnace, it forms a 
glass, insoluble in water, and identical in all its properties 
with the glass commonly manufactured. It is owing to the 
siliceous earth which it contains, that glass is decomposed by 
the fluoric acid. Glass, however, has occasionally other in- 
-gredients, besides the two that have been mentioned, the ob- 
ject of which admixtures is to adapt it to particular purposes. 
Flint glass is formed of fine siliceous sand, pearlash, litharge, 
or minium, a little nitre, and a small quantity of manganese ; 


* See Klaproth’s Contributions, i. 399,400. 81. Ann. de Chim. 239. 
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crown glass for windows, of soda, fine siliceous sand, lime, and _. 
fragments of glass; green bottle glass, of sand, kelp, pearlash, 
clay, and fragments of glass; and plate glass, of fine sand, soda, 
lime, manganese, oxide of cobalt, and fragments of glass. 
Pastes, or artificial gems, are only another variety of glass, into 
the composition of which borax generally enters, the acti 
being given by various metallic oxides.* 

(g) With a larger proportion of alkali, as three or four 
parts to one of silica, this earth affords a compound, called, 
by Dr. Black, silicated alkali. This compound, formed by 
the process which has been just described, is soluble in water, 
and affords a good example of the total change of the pro- 
perties of bodies by chemical union; for, in a separate state, 
no substance whatever is more difficult of solution than silica. 
The solution of silicated alkali was formerly termed liquor 
silicum, or liquor of jiints. Acids seize the alkali, and pre- 
cipitate the silica, which is even separated by mere exposure 
to the atmosphere, in consequence of the absorption of car- 
bonic acid by the alkali. | . 

(kA) Baryta or strontia, and silica, combine together, in a 
manner similar to the union of this earth with alkalis; but 
the combination has not been applied to any useful purpose. 

(i) When a solution of silica in potassa is mingled with one 
of baryta, of strontia, or of lime in water, or of alumina in 
alkali, a precipitation ensues. Hence silica may be inferred 
to have an affinity for all these earths, in the humid way. The 
composition of these precipitates is stated by Mr. Dalton in | 
his System, p. 541. 

In consequence of its possessing a sizonger finite for al- 
kalis and earths than for acids, as well as from its other ha- 
bitudes, silica has been thought to present a closer analogy 
with acids than with earths, and in a chemical arrangement 
to be more properly placed in the former class than in the. 
latter. On the other hand, as it is deficient in some of the 
characters which have hitherto been deemed essential to acid- 


* See Guyton, Ann. de Chim. vol. Ixxiil. and Aikin’s Dictionary of Che- 
mistry, art. Glass, for an excellent account of the several varieties of glass. . 
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ity, I have not thought it expedient to remove it from the 
place which it has hitherto held in chemical arrangements. 

Silica is a very abundant product of nature. It constitutes 
a principal ingredient of several rocks that form extensive 
mountain masses, such as granite; it composes a large pro- 
portion of the sand found in the beds of rivers, and on the 
sea shore; and it enters largely into several minerals of rarer 
~ occurrence, as rock-crystal, quartz, flint, chalcedony, carne- - 
lian, opal, &c. It constitutes an essential ingredient of fertile 
soils, and renders them porous and open to the transmission of 
moisture. In the arts, its most important application is to the 
manufacture of glass, and a certain proportion is of use in the 
composition of porcelain; for absolutely pure clay, without 
an admixture of siliceous earth, would shrink too much to be 
fit for the uses of the potter. 


Silicated Fluoric Acid. 


_ Silicated fluoric acid gas may be prepared by pouring 
on finely powdered fluor spar, mixed with half its weight of 
pulverized glass, an equal weight of strong sulphuric oar It 
may be received over mercury in glass iis the transpa- 
nay of which it does not impair. 

The specific gravity of this gas is very high, 100 cubic 
nae of it weighing 110.78 grains, By causing a known 
volume of it to me shea by liquid ammonia, Dr. John Davy 
separated the silica, which he found to weigh 61.4 per cent. 
of the weight of the gas. When absorbed by water, much of 
the silica is cen and it retains only 54.5 per cent. of 
that earth in combination. To this liquid, Dr. Davy gave the 
name of sub-silicated fluoric acid. 

. Water absorbs about 263 volumes of the gas, and the so- 
te may be kept in glass vessels without corroding them. 

3. It condenses twice its volume, and no other proportion, 
of ammoniacal gas, forming a dry white salt, which is slightly 
acid, deposits silica by solution. in water, and, when its concen- 
trated solution is boiled in glass vessels, powerfully corrodes 
them. By adding an excess of liquid ammonia, the whole of 
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the silica is precipitated, and a pure fluate of ammonia is ob- 
tained. : | i. 

4. The effects of heating potassium in silici-fluoric gas have 
already been described in the chapter on Fluorine. 


APPENDIX. 


DESCRIPTION OF THE COPPER PLATES. 


[To facilitate the reference to the Plates, they are placed at 
the end of the Second Volume.] 


PLATE I, 


Fig. 1. (a) A plain retort, the neck of which is shown in- 
troduced a proper length into the mouth of a plain receiver b. 
These may be made of any size, from the capacity of a few 
drachms to that of several gallons, and either of white or green 
glass. The latter material has the advantage, when solids are 
distilled, of being much less fusible than flint glass. 

Fria. 2. A glass alembic; a the body, and é the head, 
which are ground so as to fit accurately, and may be separated 
when necessary. ‘The head 2 is so shaped, that any liquid, 
which may be condensed, collects into a channel, and is car- 
ried by the pipe c into the receiver. 

Fig. 3. A separator, for separating liquids of different 
specific gravities. It is furnished with a ground stopper at a, 
and a glass stop-cock at b. The vessel is filled with the liquids 
that are to be separated (oil and water for example), which 
are allowed to stand till the lighter has completely risen to the 
top. The stopper a is then removed, and the cock opened, 
through which the heavier liquid descends; the cock being 
_ shut, as soon as the lighter one is about to flow out. 

Fic. 4. <A glass vessel, termed a matirass, useful for effect- 
ing the solution of bodies, which require heat before they can 
be dissolved, or long continued digestion. ‘The upper extre- 
mity of the long neck generally remains cool, and allows the 
vessel and its contents to be shaken occasionally. 
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Fic. 5. A glass bottle with a very thin bottom, and a pro- 
jecting ring round the neck for suspending it over a lamp. 
These are useful for effecting solutions on a small scale. 

Tic. 6. An apparatus contrived by Mr. Pepys, for ascer- 
taining the quantity of carbonic acid discharged from any sub- 
stance by the addition of an acid. © It consists of a bottle elosed 
by a ground stopper. This stopper is perforated, and forms 
the lower part of a tube, which is- twisted into the shape of a 
still-worm. In this worm,.any water, that escapes along with 
the gas, is condensed, and falls down again into the bottle. 
The.loss of weight is determined at the close of the effer- 
vescence. | 

Fic. 7. Mr. Leslie’s differential thermometer deser ibed, 
vol. i. p. 93. 

Fic. 8. (a) An air thermometer, for ascertaining the tem- 
perature of liquids. It consists of a bottle, partly filled with 
any coloured liquid, and partly with air, a glass tube of small 
bore, open at both ends, being either cemented or hermeti- 
cally sealed into the bottle, so that its lower extremity may 
nearly touch the bottom of the bottle. The expansion of the 
included air, on the application of heat, drives the coloured 
liquid up the tube, and to an extent which may be measured 
by the application of a scale. The fig. b is another variety of 
‘the same instrument, described vol. i. p. 92. 

Fic. 9. The original air thermometer of Sanctorio; see 
vol. i. p. 91. i 

Fic. 10. A bent funnel for intr oducing liquids into retor ts, 
without soiling their necks. 

Fig. 11. . dn adopter. The wider end admits the neck of 
a retort; and the narrower is passed) into the mouth of a re- 
ceiver. 

Fie. 12. A section of an evaporating dish of Wedgwood’s 
ware. Under this figure, is-a representation, 12 a, of a small 
brass prong witha wooden or other SS for holding an 
evaporating glass over a lamp. 

Fic. 13. (a) A tubulated retort luted to (b) a quilled re- 
ceiver, the pipe of which enters the neck of a bottle (c) nasa 
ported by a block of wood. 

Fic. 14. Different forms of jars for precipitations, with igs 
for conveniently decanting the fluid from the precipitate. 
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Vig. 15. A tube, blown in the middle into a ball, for 
dropping liquids. The ball is filled by the action of the mouth 
applied to the upper orifice, while the lower one is immersed 
in the liquid; or by immersing the ball and tube with its 
_ point downwards, in the liquid intended to be introduced. 
The finger is then applied to the upper orifice, and, on cau- 
tiously removing it, the liquid is expelled in drops. 

Fic. 16. A bottle for ascertaining the specific gravity of 
liquids. When filled up to a mark on the neck, with distilled 
water of a given temperature, it should hold exactly an even 
number of grains; anda series of such bottles holding re- 
spectively 200, 300, 500, 800, and 1000 grains will be found 
extremely useful. The quantity, which it is found to contain, 
of any other liquid of the same temperature, shows at once 
the specific gravity of the latter. For example, if it hold 
1000 grains of water, and 1849 of sulphuric acid, the specific 
gravity of the latter is to that of water as 1849 to 1000. 


PLATE II. 


Fie. 17. An apparatus for procuring gases, without the 
possibility of their escaping into the room during the process, 
a circumstance which is of importance, when the gas has an 
‘unpleasant smell or deleterious properties. Suppose that sul- 
phureted hydrogen gas is to be obtained from sulphuret of 
antimony and diluted sulphuric acid. The sulphuret, in coarse 
powder, is put into the body of the gas bottle c, with a proper 
quantity of water. The acid holder a is filled with diluted 
acid, the cock / being shut, and is then fixed into the tubu- 
lure of the gas bottle, to which it is accurately adapted by 
grinding. ‘The bent tube d being made to terminate under a 
receiver filled with, and inverted in water, the perforated cock 
b is gradually opened, in consequence of which the acid de- 
scends into the gas bottle; and acts on the sulphuret of anti- 
mony. If it be found necessary to renew the acid, without dis- 
turbing the apparatus, this may be done as follows. ‘The cock 
b being shut, the stopper, which closes the acid holder, may 
be removed, and fresh acid be poured in, through the aper- 
ture. This may be repeated as often as is found necessary. 
The acid holder may be advantageously adapted to a retort 
for certain distillations, such as that of muriatic acid. The 
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shape, also, of the vessel c may be occasionally varied, ‘as con- | 
venience may require. When, for example, it is shaped like’ 
the bottom part of a Nooth’s machine (to be seen in almost 
every glass shop), it stands much more firmly on a table for 
use, 

Fic. 18. Aplain gas bottle with sigmoid tube, the aid. 
which is received into iia bottle, having a ground stopper ac- 
curately fitted to the neck. For ordinary purposes (such as 
obtaining hydrogen gas from diluted sulphuric acid and iron 
filings) this apparatus answers perfectly well, and is much less 
costly than that represented by fig. 17. It is frequently made. 
with a tubulure and glass sepa? and is then called a tubu- 
lated gas bottle. 

Fic. 19. 4 gas funnel, useful in transferring any gas, from 
a wide-mouthed vessel into a jar of narrower diameter, or into 
a bottle. When employed for this purpose, it is held inverted, 
as shown by the figure, the pipe being admitted into the aper- 
ture of the bottle or jar, which is filled with and inverted in 
water, and the gas is then made to pass into it in bubbles. 

Fic. 20. Dr. Hope's Eudiometer. ‘The manner of using 
it has already been described, vol. i. p. 289. 

Fira. 21. A modification of Dr. Hope’s Eudiometer de- 
scribed, vol. i. p. 290. 

Fie. 22. A gas receiver, into the neck of which is cemented 
a brass cap, with a female screw for receiving a stop-cock. 
The vessel ) is a glass flask, which may be made to communi- 
cate with the interior of the jar a, by opening the. two air 
cocks. Supposing that the weight of any gas is to be ascer- 
tained, the flask ) is exhausted, by screwing it on the transfer 
of an air-pump; and, if great accuracy be required, it is pro- 
per to measure the degree of exhaustion by a fit gage. Let 
the flask be weighed when exhausted; then screw it upon the 
top of the receiver containing the gas which is to be weighed ; 
and open the communication, obser by using a gra- 
duated jar, how much gas has been admitted. Suppose this 
to be 50 cubic inches. By weighing the flask again when 
full, we determine the weight of 50 cubic inches of the gas 
under examination. ‘The experiment should be made when 
the temperature of the room is 60°, and when the barometer 
“ands at 80 inches (see vol. i..p. 19). 
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Fic. 23. A plain air-jar for receiving gases, with a ground 
stopper. | 

Fic. 24. An eudiometer for trying the purity of a mixture 
of gases containing oxygen gas, by means of nitrous gas. The 
process has already been described, vol. i.p.308. The instru- 
ment should be accompanied with a phial, holding, when 
completely full, precisely a cubic inch. 

Fie, 25. A wire stand, with a leaden foot, for the purpose 
of raising, above the surface of water within a jar, any sub- 
stance which is.to be exposed to the action of a gas. 

Fic. 25. (a) A bottle and tube for directing a small stream 
or a few drops of water on any object. The method of using 
it is described, vol. i. page 11. 

Fig. 25. (b) A bottle with an elongated stopper, by means 
of which a single drop of any liquid can be taken up, and 
allowed to fall into any fluid under examination. 

Fic. 26. An apparatus for showing that caloric exists. in 
gases in a latent form. ‘The application of it has been already 
described, vol. i. p. 136. 

Fic. 27. An apparatus for drying precipitates by steam, 
described, vol. i. p. 12. 

Fic. 28. <A graduated tube for ascertaining the strength 
of acids and albalia and for various other useful purposes. 

Fic. 29, aand b. Tubes for exploding mixtures of hydrogen 
and other inflammable gases with oxygen gas, commonly 
termed the Eudiometer of Volta ; see vol. i. p. 236. 


~ PLATE UI. 


Fic. 30. Thecommon form of a Woulfe’s apparatus. . In 
this figure the retort a@ is represented plain, but it is better to 
employ a tubulated one. a lade use of this apparatus has al- 
ready been described, vol. i. p.7 
_ Fie. 31. A modification of the apparatus, which has been 
already described. In this figure, the mercurial trough is 
shown with a jar standing inverted in it, for the purpose of 
receiving any gas that. may escape condensation by water. 

Fie. 32. Mr. Pepys’s improvement of Woulfe’s apparatus 
described, vol. i. p. 8. 

VOL. I. 2s 
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PLATE IV. 


Fras. $3 and 34. Cuthbertson’s apparatus, for exhibiting - 
the composition of water, with the substitution of gazometers 
for the receivers originally employed by him. ‘The apparatus 
has been described, vol. i. P- 246. Fic. 33 is an enlarged 
view of the conical brass piece, which is cemented into the 
bottom of the receiver, and through which the. Bases ‘are 
transmitted. 

Fig. 35. A gazometer of the most aoe and common 
construction ; see vol. i. p. 16. . 

Fie. 36. A gas holder, described, vol. i. p- 17. 

Fic. 37. A galvanic trough; see vol. p.i. 167. The tube 
b shows the arrangement for decomposing water. The upper 
wire may be Hetmetically sealed into the tube, and the lower 
one passed through a cork, which should have a small slit 
cut in it, to allow the water to errs in drops a as the gas is 
produced. . 

Fie. 38. The manner in which a cade may be burned i in 
oxygen gas; see vol. 1. p. 207. 

Fic. 39. ‘The combustion of iron wire in “Oxyg en Bas; vol. 
1. p. 208, : OK» 

Fic. 40. Apparatus for ddcompostery water over * red-hot 
iron or charcoal; see vol. i. p. 250. Oh 

Fie.41. . An apparatus for showing the diminution effected 
in the volume of hydrogen and oxygen gases by their slow 
combustion ; see vol. i. p. 237. 

Fic. 42. A very simple and:cheap contrivance for freezing 
quicksilver by muriate of lime and snow. ‘The outer vessel 
of wood may be twelve and a half inches square, and seven 
inches deep. It should have a wooden cover, rabbeted in, 
and ‘furnished with a handle. Within this is placed a tin 
vessel J b, standing on feet which are .one and a: half inch 
high, and having a projection at the top, half an inch broad, 
and an inch deep, on which rests a shallow tin pan ¢ c. 
Within the second vessel is a third d, made of untinned iron, 
and supported by feet two inches high. ‘This vessel is four 
inches square, and is intended to contain the mercury. When 
the apparatus is used, a mixture of muriate of lime and snow 
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is put into the outer vessel @ a, so as completely to surround 
the middle vessel bl. Into the latter, the vessel d, containing 
the quicksilver to be frozen, previously cooled down by a 
freezing mixture, is put; and this is immediately surrounded 
by a mixture of snow and muriate of lime, previously cooled 
to 0° I'ahrenheit, by an artificial mixture of snow and com- 
mon salt. The pan c c is also filled with these materials, and 
the wooden cover is then put into its place. The vessels are 
now left till the quicksilver is frozen. A more elegant, but 
more expensive apparatus, by Mr. Pepys, intended for the 
same purpose, is figured in an early volume of the Philoso- 
phical Magazine. 

Fie.43. <A wire stand, consisting of an interior circle, and 
three straight pieces of wire proceeding from it in the same 
plane. Its use is noticed, vol. i. p. 209. 

Fic. 44. Sir. H. Davy’s apparatus for the analysis of soils, 


PLATE V. 


Fic. 45. Pictet’s arrangement of an apparatus for showing 
the radiation of caloric, nnacqorpplaniell by light; see vol. i. 
p. 102. 

Fic. 46. An oval copper boiler, (referred to, vol. i. p. 129) 
for exhibiting the most important facts respecting latent ca- 
loric. The size of its different parts (except the width, which 
is 4 inches) may be learned from the scale affixed to the plate, 
which is abundantly sufficient to enable any intelligent work- 
man to construct the apparatus. The collar joint and stuffing 
box, however, it is indispensably necessary to describe, espe- 
cially as the former article of apparatus is generally constructed 
on a bad plan. 

Fic. 47 is a section upon a larger scale, of the collar joint 
at b (fig. 46), made for the convenience of screwing together 
long or crooked metal tubes, without turning them route: 
ais a section of the end of one of the tubes, and 0 that of 
the other which is to be attached to it; ¢ is a collar which 
turns loose upon the shoulder of a, and screws upon l. By 
screwing this collar upon J, the end ee of the tube a is 
brought to press upon the part dd of the tube J, without 

28s 2 
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turning round either of those tubes. If upon d be laid a ring 
of linen cloth soaked in boiled linseed oil, the joint, when 
screwed up (if tolerably well made), will be impervious to 
steam as well as to water or air. The projection at d is for 
preserving the ring of cloth from being displaced, and for 
guiding the ends of both tubes, so as to meet properly. 

Fic. 48 is a section of a socket, for fixing the stem of a 
thermometer into a boiler or a digester, where there is much 
heat and pressure; J is a socket fixed on the outside of the 
boiler or digester, having a hole through it large enough to 
admit the bulb of the thermometer; a is a plug which screws 
into l, having a hole through its centre large enough to admit 
only the stem of the thermometer; ¢ ¢ is a loose round plate, 
concave on the upper side, having a hole through its centre 
just sufficient also to admit the stem of the thermometer. 
When the instrument is to be inserted, the plug a, and the 
plate c, must both be taken out of the socket. The bulb is 
then passed through it. The plate c is next slipped over the 
stem, and dropped into its place. Some flax, soaked in lin- 
seed-oil, must next be wrapped round the stem, so as nearly 
to fill the socket." The plug a must then be screwed in, till 
the flax be compressed so as to make the whole sufficiently 
tight. The opposite surfaces of the plate c, and the plug a 
are made concave, for the purpose of compressing the flax 
round the stem of the thermometer. The gage represented 
above the cock ¢ at the top of the boiler is adapted to show the 
density of the steam, by its effect on a portion of air confined 
by mercury ; for the volume of the air will of course be in- 
_ versely as the compressing force. ‘The bent part of this gage 
and small ball are of iron, and the straight part enly wei 
the mercury is to be seen through, should be of glass. 


PLATE VI. 


Fias. 49, 50, 51. Sections of crucibles. 

Fic. 52. A muffle; see vol. i. p. 5. 

Fic. 53. Stands for raising the crucible above the bars of 
the grate; @ one adapted to Mr. Aikin’s blast furnace; b one 
of the common form. 
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Fic. 54. A skittle-shaped crucible. 

Fic. 55. Mr. Aikin’s portable blast furnace. It is com- 
posed of three parts, all made out of the common thin black- 
lead melting pots, sold in London for the use of the gold- 
smiths. ‘The lower piece ¢ is the bottom of one of these pots, 
cut off so low as only to leave a cavity of about an inch, and 
ground smooth above and below. The outside diameter over 
the top is five and a half inches. The middle piece, or fire- 
place a, is a larger portion of a similar pot, with a cavity 
about six inches deep, and measuring seven and a half inches 
over the top, outside diameter, and perforated with six blast 
holes at the bottom. ‘These two pots are all that are essen- 
tially necessary to the furnace for most operations; but when 
it is wished to heap up fuel above the top of a crucible con- 
tained within, and especially to protect the eyes from the in- 
tolerable glare of the fire when in full heat, an upper pot J 
is added, of the same dimensions as the middle one, and with 
a large opening in the side, cut to allow the exit of the smoke 
and flame. It has also an iron stem, with a wooden handle 
(an old chisel answers the purpose very well) for removing it 
occasionally. 

The bellows, which are double (d), are firmly fixed, by 
a little contrivance which will take off and on, to a heavy 
stool, as represented in the plate; and their handle should be 
lengthened so as to make them work easier to the hand. To 
increase their force on particular occasions, a plate of lead 
may be firmly tied on the wood of the upper flap. The nozzle 
is received into a hole in the pot ¢, which conducts the blast 
into its cavity. From hence the air passes into the fire-place 
a, though six holes of the size of a large gimlet, drilled at equal 
distances through the bottom of the pot; and all converging 
in an inward direction, so that if prolonged, they would meet 
about the centre of the upper part of the fire. Fig. 56 shows 
the distribution of these holes in the bottom. The large 
central hole is. intended to receive the stand a, fig. 53, which 
serves for supporting the crucible. 

No luting is necessary in using this furnace, so that it may 
be set up and taken down immediately. Coke or common 
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cinders, taken from the fire when the coal just'ceases to blaze, 
sifted from the dust, and broken into very small pieces, forms 
the best fuel for higher heats. The fire may be kindled at first 
by a few lighted cinders, and a small quantity of wood-charcoal. 

The heat which this little furnace will afford is so intense, 
that its power was, at first, discovered accidentally by the 
-fusion of a thick piece of cast iron. The utmost heat procured 
by it was 167° of Wedgwood’s pyrometer piece, which was 
withdrawn from a Hessian crucible, when actually sinking 
down in a state of porcellanous fusion. A steady heat of 155° 
or 160° may be depended on if the fire be properly paeae> 
and the bellows worked with vigour.* 

By a letter from Mr. puna I have learned, also, a con- 
venient way of exhibiting, in a lecture, and performing at 
other times, the process of cupellation, by means of this fur- 
nace. It consists in causing a portion of the blast to be di- 
verted from the fuel, and to pass through a crucible in which 
the cupel is placed. _ This arrangement supplies air; and the 
whole may be seen by a sloping tube, run through the cover 
of the crucible. Fig. 57 shows the furnace when used for this 
purpose; aa the furnace; J the perforated stopper for the 
central blast ; ¢ ca portion of earthen tube, through which 
the air passes, and is heated during this transit; ea piece of 
soft brick perforated to admit the earthen tube f; which may 
be kept open for inspecting the process. No luting is re- 
quired, except to join f to e. 

It may be proper to add that Mr. Aikin has lately (1828) 
made considerable improvements in this useful little furnace, 
which may be had, thus altered, of Mr. Knight in Foster-lane. 
The principal one is the enlargement of the air chamber c. 
In using the furnace, Mr. Aikin has found that its power is 
greater when the pipe of the bellows is not actually introduced 
into the opening leading to the air chamber, but kept at the 
distance of from one to two inches. He prefers, also, a straight 
tube of communication between the bellows and the air cham- 
ber, in preference to one bent as shown in the figure. 


* See Philosophical Magazine, yol, xvii. p, 166. 
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Fig. 58. Knight’s portable furnace,* composed of strong 
iron plate lined with fire lute, the inside diameter six inches: 
a shows the grate; J the ash pit door; d the door of the fire- 
place when used as a sand heat; e ¢ two holes opposite to each 
other for transmitting a tube; g an opening for a retort neck, 
when used for distilling with the naked fire. 

I'ic. 59. A different view of the same furnace; a the 
grate; cthe register to the ash pit; f a small door, with a 
contrivance for supporting a muffle. The other letters cor- 
respond with the explanation of the preceding figure. 

For this furnace the proper fuel, when it is used as a wind 
furnace, is wood-charcoal, either alone, or with the admixture 
of a small proportion of coke. For distillation with a sand 
heat, charcoal, with a little pit coal, may be employed. 


PLATE VII. 


Fig. 60 represents a fixed furnace, which I find very useful, 
because it may either be employed as a wind furnace or for. 
distillation with a sand heat. Its total height outside is thirty- 
three inches, and the outside square is eighteen inches, or 
two bricks laid lengthwise. The thickness of the sides of the 
furnace is the breadth of a brick, or four and a half inches; 
but whenever there is room, it is better to make them nine 
inches in thickness. From the top of the furnace to the 
grate, which is moveable, and supported by two bearers, the 
height is thirteen inches; and at c is a double Rumford door ; 
or in preference, a hole closed by a moveable earthen stopper 
for introducing fuel. ‘The ash pit should have a register 
door, The chimney is four inches wide by three high, and 
may either be furnished with a damper or not. On the top 
of the furnace a cast-iron ring is fixed, ten inches inside 
diameter, three inches broad, and half an inch thick. It is 
secured in its place by three iron pins, passing through three 
equidistant holes in the ring, and bent at the distance of nine 
inches at a right angle. These serve the purpose of binding 
the ring firmly into the brick-work. The sand pots are of dif- 


* This furnace is also described in vol. i. p. 2, 3. 
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ferent sizes; anda variety of them may be made to fit the same 
ring, by varying the breadth of their rims, as shown fig. 71. 
The bricks should be cemented together, at least for the inner 
half of their breadth, by loam, or by a mixture of Stourbridge 
clay, with two or three parts sand, anda proper quantity of 
water. 

When this is used as a wind furnace, the opening in the 
side is to be closed by its stopper; or, if a Rumford door be 
employed, it must be defended from the fuel by a fire tile. 
The fuel (coke) is introduced at the top, which is occasionally 
covered by a fire tile.- When distillation with a sand heat is 
performed, the sand pot rests on the iron ring, and the fuel, 

which may be common pit coal, is added through the opening 
in the side,- It may be proper to state, that, in order to receive - 
a sand pot of as large a size as possible, the upper course of 

bricks should be bevelled within the furnace; and the width 

at the top may exceed a little that at the grate. 

The best Stourbridge or Newcastle-on-Tyne fire-bricks are 
necessary in constructing this and the following furnaces. 

Fic. 61 is a longitudinal section of a wind furnace, invented 
by Mr. Knight, with an additional chamber for applying the 
waste heat to useful purposes: a the internal cavity, which is 
square, for containing the fuel and the crucible: J the flue 
passing into a hot chamber c; an appendage particularly 
useful for drying luted crucibles, or bringing them to a proper 
temperature for the furnace; for roasting ores and various 
other purposes: d the flue connecting it with the vertical 
chimney e; which, to produce a strong heat, should never be 
less than thirty or forty feet high: f f covers, consisting of 
twelve-inch Welsh tiles, with handles: g¢ the stoke hole, 
through which no more of the fire is seen than what appears 
between the grate and the bearing bar 4. This space is left 
for the double purpose of raking the fire, and occasionally 
taking out the bars: & the ash pit, which is sunk below the 
level of the ground, and is covered, where it projects atl, by 
an iron grating. 

The best situation for this furnace, is an angle of the labo- 
ratory, the chimney being in the corner, as represented in the 
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sketch. By this arrangement, the operator is spared the dis- 
agreeable necessity of scorching his legs, by standing opposite 
the stoke hole, while the backs of his legs are exposed to a 
current of cold air rushing to the furnace. 

Figs. 62 and 63 are different views of a furnace invented by 
Mr. Knight, and convertible to various purposes. 

The inside of this furnace is nine inches square, and sixteen 
inches deep from the top to the grate. The face of the open- 
ing at g rises at an angle, which makes the back part five 
inches higher than the front. This contrivance enables us 
completely to cover a large retort with fuel, without obstruct- 
ing the passage of the air, and also relieves partly the weight 
of the cover, when it requires to be moved. The walls of the 
furnace are at least a brick and a half thick, and as much 
more as local convenience will allow. © By sinking the ash pit 
below the level of the ground, at 7, the height of the furnace 
needs not exceed eighteen inches, which renders the manage- 
ment of the fuel nach more easy, and subjects the face and 
hands less to the action of the heat. The ash pit a, must be 

at least eighteen inches deep, below the surface of the ground, 
and more if convenient. It must have an opening, projecting 
from it three or four feet, to be covered with boards, and with 
an iron grating next the furnace. This preserves the legs of 
the operator from the action of the fire. 

The grate l is formed of separate bars, each of a tetarigedlae 
shape, three-fourths of an inch apart, and resting on two 
bearers. In the front of the furnace, an iron bar is to be 
placed to support the brick-work, and to leave an opening, 
through which the bars may occasionally be drawn out, and 
the fire raked and cleared of the slag. The chimney e is two 
and a half inches from the top, and four and a half ae by two 
and a half high. 

To fit this fat nace for occasional distillation with the naked 
fire, an opening d, fig. 62, is left on one side, which is filled 
up, when not wanted, by five pieces of soft fire-brick, cut to a 
proper shape, and secured by a clay lute. It is proper, also, 
to be provided with other pieces, having arched openings for 
transmitting the neck of a retort. One of these pieces may 
have a round hole for occasionally transmitting a tube, and 
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a corresponding hole, /, fig. 63, must then be made in the 
opposite side of the furnace, to be closed, when not mnniee 
with a stopper. — 

Fies. 64 and 65 represent a sand heat, Se containing flat 
evaporating vessels; the depth from back to front two feet ; 
the width, agreeably to the scale, six feet. At the front isa rim 
four inches deep, consisting of a piece of iron plate, which is 
fastened at each end into the wall. The floor or bottom e e, 
is formed of cast-iron plates, which rest upon each other in 
corresponding rabbets. ‘The advantage of several small plates, 
over one large one, is the cheapness and facility, with which 
they are replaced, if cracked by the heat, an accident of not 
unfrequent occurrence, The joints are secured by a fire lute, 
which effectually prevents the sand from falling through. 
The fire place is.shown by J; at the bottom it has a grate ten 
inches long, by eight wide. ‘The flame and smoke circulate 
first through the flue, c, and then through the returning flue, d, 
which conveys the smoke to the chimney g. In constructing 
the flue beneath the grate, a row of bricks, set edgeways, 
answers the purpose, and seryes also to support the inner alge 
of the plates. 

It is advisable to cover the sand heat with a sloping ore 
which may be formed of lath and plaster, and supported 
by side walls. ‘The lowest part of the roof may be foremost 
and about three feet above the edge of the iron plates, It is, 
also, necessary.to have an air flue, nearly at the top of the 
back wall, under the dome or roof, to be closed occasionally 
by adoor. This must open into the chimney, in which case 
it serves the purpose of carrying off noxious vapours, 


PLATE VIII. 


Fics. 66, 67, 68, are the section and plans of a reverber- 
atory furnace for experimental purposes. In this furnace, the 
fuel is contained in an interior fire-place; and the substance, 
to be'submitted to the action of heat, is placed on the floor of 
another chamber, situated between the front one and the 
chimney. ‘The flame of the fuel passes into the second com; 
partment; by the form of which it is concentrated upon the 
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substance exposed to heat, which is not confined in a separate 
vessel or crucible, but placed on the floor ‘of the furnace. 
When reduced to a state of fusion, the melted mass is allowed 
to flow out through a tap-hole at h. The dimensions of this 
furnace it is scarcely possible to state, as they vary so consi- 
derably in different parts of it; but they may be ascertained 
by referring to the figures, and by the application of the scale. 
In all three figures a represents the ash pit; J the grate com- 
posed of moveable bars; c the door at which the fuel is intro- 
duced; da door in the side of the chamber, for the purpose 
of inspecting the process; e the floor of the furnace which de- 
scends, and is gradually contracted towards the back part; 
f another door for introducing and stirring the materials; ¢ 
the back part of the furnace, immediately under the chimney ; 
h the tap-hole; 2 the chimney. 

Fics. 69 and 70, exhibit a cupelling or enamelling furnace, 
The form of this should be an oblong square; its dimensions 
being regulated by that of the muffle, which should go home, 
to the back, its front edge lodging on the mouth of the fur- 
nace. On each side of the muffle, two inches and a half must 
be left, to let the fuel pass readily underneath, where there 
should also be a similar space. A stoke hole must be left on 
the other side, but the situation of the view will not admit its 
being shown. Before the muffle, is a projecting ledge or shelf, 
shown at e, which is intended to support any thing that is to 
be put into the muffle. ‘T'wo-twelve-inch tiles, worked in 
along with the bricks, will answer this purpose. In both 
figures, a shows the ash pit; ¢ the grate; d the muffle; e the 
opening for introducing the muffle; f the chimney, and g the 
cover. 

Fic. 71. Sand pots with rims of different sizes. 

Fies. 72, ‘78. Dr. Black’s portable furnace, made of sheet 
iron lined with fire clay. Its dimensions, as they vary in al- 
most every part, will best be learned from the scale; a the fire 
place; l the chimney: ¢ the ash pit; d the door of the ash 
pit; ea register for regulating the quantity of air admitted to 
pass through the fuel. 

Fic. 74 Mr. Chenevix’s wind furnace. This is rudely 
sketched in Nicholson’s Journal, from which the more accu- 
rate figure in plate viii. is taken. This furnace Mr. Cheneyix 
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describes as follows: ‘‘I have constructed a wind furnace, 
which, in some respects, is preferable to the usual form. ‘The 
sides, instead of being perpendicular, are inverted ; so that the 
hollow space is pyramidal. At the bottom the space is twelve 
inches square, and at the top only eight. The perpendicular 
height is seventeen inches, from the top to the grate. This 
form unites the following advantages. 1. A large surface is 
exposed to the air, which, having an easy entrance, rushes 
through the fuel with great rapidity. 2. The inclined sides 
act as reverberators. 3. The fuel falls of itself, and is always 
close to the grate.” 

In the figure, a represents the grate; cc are two bricks 
which can be let in at pleasure, to diminish the capacity: L is 
another grate which can be placed on the bricks ¢ c, for occa- 
sional purposes: dd are bricks, which can be placed on the 
grate l, to diminish the eapacity of this part of the furnace ; 
e the cover. Both set of bricks should be ground to the slope 
of the furnace. . . 

In the construction of every furnace, which is intended to 
produce a strong heat, lime or mortar should be avoided, and 
the bricks should be set in loam, or Stourbridge clay, worked 
up with water and sand, inserting occasionally pieces of sheet 
iron, bent twice in opposite directions at right angles. ‘The 
furnace should be allowed to remain some weeks, after setting 
up, before it is used; and before raising a strong heat, a gentle 
fire should be sometimes kindled in it, the strength of which 
may be gradually increased. When a strong blast is expected, 
it is necessary to bind the brick-work together, externally, by 
strong iron bars and plates, kept in their places by screws. 
The chimney should be nine inches wide, and raised to as 
great a height as circumstances will admit. | 

The coke of pit coal is the only fuel fitted for exciting an 
intense heat, and should be used in all cases, except in the 
reverberatory, and in distillations with the sand bath, when 
pit coal may be employed. ‘The charcoal of wood is adapted 
principally to portable furnaces. 


PLATE IX. 


Fic. 75. The galvanic battery called couronne de tasses, 
described vol. i. p. 168. | | 
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Fic. 76. Apparatus for obtaining the elements of water in 
separate tubes ; see vol. i. p. 177. 

Fic. 77. The pile of Volta; see vol. i. p. 167. The tube 
annexed to the pile is for the purpose of showing the decom- 
position of water; see vol. i. p. 176. 

Fic. 78. Section of a galvanic trough, to explain the 
theory of the excitation of galvanic electricity; see vol. i. 
p- 188. - 

_ Fie. 79. Apparatus for obtaining oxygen and hydrogen 
gases, from separate quantities of water not in contact with 
each other ; see vol. i. p. 177. 

Fig. 80. ‘Two agate cups connected by moistened amian- 
thus; see vol. i. 178. 

Fic. 81. ‘Two gold cones similarly connected, P- 179. 

Fic. 82. Agate cups similarly connected with an interme- 
diate vessel i; see vol. i. p. 180. 

Fic. 88. Apparatus for procuring potassium from potassa 
and iron filings. A better apparatus for this purpose is re- 
_ presented by the wood cut, vol. i. p. 501. 

Fig. 84. Apparatus for firing gases by electricity, or sub- 
mitting them to electrical discharges, vol. i. p. 19. 

Fic. 85. Pepys’s improved gas-holder: aa small iron re- 
tort placed in the fire with a jointed conducting tube J, which 
is admitted into the vessel atc. This is shown on a larger 
scale in a different part of the plate. The letter dis placed on 
the body of the reservoir, and near the central pipe, which 
descends from the cistern e to nearly the bottom of the vessel. 

At fa glass tube is fixed, w ‘hich shows the height of the water 
within the vessel. When a jar is intended to be filled with 
gas from the reservoir, it is placed, filled with water and in- 
verted, in the cistern e. ‘The cocks 1 and 2 being opened, the 
water descends through the pipe attached to the latter, and 
the gas rises through the cock 1. By raising the cistern e to 
a greater elevation, any degree of pressure may be obtained ; 
and a blow-pipe may-be screwed on the cock at the left side of 
the vessel. 


PLATE X. 


Fics. 1, 2, 3. Views of Mr. Newman’s Mercurio-pneu- 
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matic trough, combined with a mercurial gazometer. The 
same letters refer to all three figures. ! 

Fra. 1, is a front view; fig. 2, a section; and fig. 3, a view 
looking down from above into the cavity of the trough. A, 
the glass bell of the gazometer, shown about half full of gas ; 
B, the exterior vessel of the gazometer. In fig. 1, the central 
solid part, which fills the cavity of the bell when depressed as 
far asit will go, is shown by dotted lines, as also is a small iron 
tube, on which the letter B stands. This tube conveys the gases 
from the small bell-shaped. vessel E, in which they are first 
received, into the receiver A of the gazometer. In fig. 2, this 
tube is marked JJ, and may be seen rising a little above the 
mercury, which is thus prevented from falling into it. In 
fig. 3, the termination oF this i flk is marked by a circle, close 
to the letter C. 

D, fig.1. one of the sides of the cistern for containing mer- 
cury, at G the cistern has a semi-cylindrical cavity seen more 
distinctly in fig. 2. Fis a small tube opening into the gazo- | 
meter, and also under one of the small-holes zzz, fig. 3. By 
means of this tube, a small portion of gas may, at any time, 
be transferred from the’ gazometer into a narrow test tube or 
other vessel. H is a deep circular cavity, or well, into which a 
long tube or jar may be occasionally immersed, when it is ne- 
cessary to have the mercury at the same level within and with- 
out. I is a receiver into which gas is supposed to be passing 
from a retort heated by the spirit lamp N. This lamp, by 
means of a pillar and socket, may be raised or lowered at 
pleasure, and is secured at any desired height by aspring. K, 
a Volta’s Eudiometer secured by an upright pillar L, in which 
is a spring to diminish the recoil on firing any gases. This is 
nie venbhey and is fixed when wanted to the side of the trough 
by the screws M. OO, asheet iron tray, intended to collect 
any mercury that may be spilled out of the trough. 

Fics. 4, 5, 6,7. The compound blowpipe for compressed 
oxygen and hydrogen gases, with the addition of a safety tube 
for preventing explosions. A, the barrel of the condensing 
syringe. JB, the handle of the piston. C, a cock for closing 
occasionally the communication with a bladder filled with the 
mixed gases. D, a cock between the syringe, and the square 


~~ 
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copper box into which the gases are condensed. This box is 
marked E, TF’, a perforated metal cap fitted by a screw to the 
top of the box, and containing a pile of circular discs of wire 
gauze, seen in fig. 5, such as is used for the safety lamps. 
G, a cock to prevent occasionally the escape of the condensed 
gases. JH, a ball and socket joint, by means of which the jet 
I, of which there should be two or three of different sizes, can 
be turned in any direction. 

The addition to the apparatus for preventing explosions is 
represented in fig. 5, within the copper box. The letter d is 
placed on a piece of brass tube closed at the bottom, and 
fixed air tight into the box. Into the bottom of this, is fixed 
a small pipe a a, covered at the upper extremity a by a piece 
of wire gauze, and opening into the brass tube by two or four 
holes. A circular flat valve, lined with silk or leather, which 
may be seen in the sketch, covers these holes, and prevents 
the passage of any thing backwards from the brass tube into 
the box E. 

When the instrument is to be used, the common air should 
be exhausted from the box E, by means of the syringe, the 
box then filled with the gases; after which water or oil should 
be poured into the brass tube (the cap F being supposed re- 
moved) to about e. The gases may then be condensed into 
the box, and by their own elastic force will pass through the 
tube, the fluid, and the various screens of wire gauze, and will 
issue out at the jet. When the inflammation, by the use of a 
large jet, passes backwards, it is generally arrested by the 
discs of wire gauze; but if it pass these, it kindles only the 
gases in the brass tube, and does no harm; and the valve pre- 
vents the fluid from being propelled into the box. 
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